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EXPERIMENTS 


WITH 

TURBINE  WATER  WHEELS. 


The  importance  attached  to  the  experiments  made  by  the  De- 
partment upon  turbine  wheels,  appears,  from  the  numerous  appli- 
cations which  have  since  been  made  for  the  results.  These  experi- 
ments were  made  in  1859-60,  at  Fairmount  Water  Works,  but  on 
account  of  the  agitation  of  the  subject  in  Councils,  the  Depart- 
ment did  not  feel  at  liberty  to  give  details  of  the  result  to  the 
public.  The  whole  subject  is  now  disposed  of,  and  the  action  of 
the  Committee  on  Water,  and  of  the  Department  have  been  fully 
sustained. 

In  presenting  this  Report  the  Department  do  not  propose  to 
enter  into  the  theory  of  turbine  wheels — for  this  has  already  been 
done  by  those  better  qualified  for  the  work — nor  to  offer  any 
theory  or  scientific  explanation  of  the  differences  in  the  forms  of 
the  wheels,  or  per  centage  yielded,  but  simply  to  give  the  results 
of  actual  experiments  with  the  differently  constructed  wheels,  under 
various  loads,  and  running  at  different  velocities.  The  practical 
man  will,  no  doubt,  find  suggestions  in  the  tables  worthy  his  atten- 
tion, and  facts  which  may  assist  in  the  construction  of  wheels,  or 
in  the  selection  of  the  wheel  best  adapted  to  a given  location, 
work,  &c.  The  experiments  were  undertaken  with  great  reluct- 
ance, not  for  want  of  interest,  but  of  the  time  necessary  to  conduct 
them  with  the  care  and  deliberation  which  the  importance  of  the 
subject  demands.  Our  object  in  these  experiments,  therefore,  was 
simply  to  ascertain  the  co-efficient  of  useful  effect  that  would  be 
produced  with  different  loads,  the  amount  of  water  that  would  be 
vented  when  the  wheel  was  kept  stationary,  the  velocity  the 
wheel  would  acquire,  and  the  amount  of  water  vented,  when  left  to 
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run  free,  without  a load.  The  wheels  were  all  tested  under  the 
same  head  and  fall : viz.,  six  feet.  The  apparatus  was  of  the  most 
simple  kind,  and,  so  far  as  the  experiments  were  prosecuted,  they 
may  be  relied  upon  as  correct.  The  proportion  and  peculiarities 
of  each  wheel  experimented  upon,  are  given  with  the  tables  an- 
nexed. As  partial  results  have  been  placed  before  the  public, 
from  time  to  time,  by  those  interested,  and,  in  some  instances, 
erroneous  impressions  conveyed,  every  experiment  made  in  public 
has  been  given  in  detail  in  the  tables,  from  which  all  interested 
may  draw  their  own  conclusions.  The  Department,  never,  in  any 
way,  conveyed  the  idea,  that  the  model  producing  the  highest  co- 
efficient of  useful  effect  in  these  experiments,  wrould,  under  all  cir- 
cumstances, entitle  the  maker  of  it  to  the  contract  for  building  the 
wheels  to  be  used  in  the  extension  of  Fairmount  Works.  Such 
an  arrangement  would  betray  a want  of  practical  knowledge  in 
the  Department.  Models,  particularly  when  of  such  considerable 
dimensions  as  those  experimented  upon,  would,  of  course,  give  the 
best  idea  of  the  wheels  that  could  be  gained  in  any  way,  except  by 
the  full-sized  wheel  itself,  in  actual  operation.  A peculiar  service 
will  be  required  of  the  wheels  in  the  Fairmount  extension,  namely, 
pumping,  and  that,  under  a varying  head  and  fall  of  from  six  to 
fourteen  feet.  Nevertheless,  models  would  exhibit  in  the  best 
manner  the  motors  which  would  be  best  adapted  to  our  use,  and 
the  experiments  made  with  them  would  show  their  efficiency,  and 
furnish  the  best  guide  within  reach,  in  making  a selection  suited 
to  the  wants  of  the  Department. 

The  maker  of  the  wheel  was  allowed  to  put  it  up  according  to  his 
peculiar  views,  and  to  run  it  at  the  velocity  and  load  which  he  chose 
to  select  as  best  calculated  to  exhibit  its  efficiency,  only  restricting 
the  head  and  fall  to  six  feet,  which  is  the  minimum  head  and  fall 
at  Fairmount.  In  making  this  restriction,  perhaps  the  Depart- 
ment did  not  do  full  justice  to  some  of  the  wheels,  whose  peculiar 
excellence  was  claimed  to  be  in  the  fact,  that  the  useful  result 
would  be  little  affected  by  changes  of  head  and  fall.  The  small 
appropriation  and  want  of  time,  compelled  the  limitation  of  the 
experiments  to  a uniform  head  and  fall,  under  the  belief  that  vary- 
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ing  the  load  upon  the  wheels  would  produce  nearly  the  same 
results. 

It  would  not  be  safe  to  make  these  experiments  themselves 
a final  test  of  the  efficiency  of  the  wheels,  or  to  conclude  that 
those  which  produced  the  highest  co-efficient  are  the  best  cal- 
culated for  all  purposes  or  circumstances  ; or  that  the  makers 
of  the  models  which  produced  the  highest  co-efficient,  were, 
in  every  respect,  the  persons  best  qualified  to  build  wheels  for 
actual  service.  All  we  wish  to  assert  is,  that  such  experiments 
furnish  certainly  one  of  the  best  means  of  judging  of  the  wheel 
and  the  ability  of  the  maker  in  the  absence  of  full-sized  work- 
ing wheels.  It  will  be  seen  that  all  the  parties  who  engaged 
in  a second  series  of  experiments,  effected  improvements  in  their 
wheels,  as  a result  of  information  gained  by  the  first  series  ; and, 
in  experiments  not  reported,  improvements  of  even  more  marked 
character,  were  made.  Indeed,  it  is  probable,  that  even  in  cases 
where  the  makers  of  the  wheels  had  previously  enjoyed  an  exten- 
sive experience,  they  derived  some  valuable  suggestions  from  the 
experiments.  Many  forms  of  wheels  in  general  use  in  this  coun- 
try, including  some  of  those  more  highly  esteemed,  as  the  Four- 
neyron  and  the  Scotch  motor  or  Whitelaw,  were  not  represented. 
There  is  no  country  in  which  so  great  a variety  of  wheels  has  been 
invented  or  made,  or  where  wheels  of  superior  efficiency  have  been 
produced. 

The  wheels  through  which  the  water  passes  in  a vertical  direc- 
tion, such  as  the  Jonvals,  gave  the  highest  useful  effects.  The 
wheels  venting  centrifugally  or  from  the  centre,  were  next  in 
efficiency  ; and  the  wheels  venting  towards  the  centre  or  centri- 
petally,  gave  the  lowest  results  in  this  series  of  experiments. 

Care  has  been  taken  in  preparing  the  tables,  &c.,  to  make  the 
subject  intelligible  to  all.  The  calculations  by  which  the  results 
were  reached,  are  therefore  explained,  and  examples  given,  which 
will  enable  any  person  acquainted  with  the  simplest  mathe- 
matical processes  to  follow  them.  Illustrations  of  all  the  dif- 
ferent wheels  experimented  upon,  would  no  doubt  have  made  the 
report  more  intelligible  and  interesting. 

The  Department  are  under  obligations  to  Messrs.  0.  H.  P. 
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Parker,  William  B.  Bement,  and  Charles  Close  of  this  City;  and 
to  Mr.  James  Millholland  of  Reading,  for  valuable  assistance, 
and  suggestions  in  connection  with  these  experiments. 

There  were  but  few  of  the  builders  of  the  wheels  exhibited,  who 
were  not  fully  conversant  with  their  business,  and  well  qualified  to 
construct  this  valuable  class  of  motors;  and  the  Department  can- 
not refrain  from  expressing  the  pleasure  derived  from  intercourse 
with  so  many  mechanics  of  more  than  ordinary  abilities,  and 
desire  to  acknowledge  the  valuable  help  and  useful  information 
gained  from  them,  as  well  as  through  the  experiments  them- 
selves. If  injustice  has  been  done  to  any  of  them,  or  to  the  experi- 
ments, in  this  report,  it  would  be  a matter  of  sincere  regret  to  the 
Department. 

The  Committee  on  Water  passed  resolutions  at  several  different 
time5:,  directing  the  experiments  to  be  stopped,  on  account  of  the 
delay  which  they  occasioned  in  perfecting  the  plans  for  the  new 
Works;  but  were  induced  to  extend  the  time  by  the  owners  of 
wheels,  who  were  anxious  to  have  them  tested.  When  the  re- 
sults were  reported  to  the  Committee  there  were  three  wheels, 
which  in  efficiency  and  other  respects  were  found  to  be  about 
equal,  (see  the  experiments  in  detail.)  These  were  the  wheels 
constructed  by  Mr.  J.  E.  Stevenson ; that  of  Mr.  Emile  Geyelin, 
and  that  of  Messrs.  Andrews  and  Kallbach.  The  peculiarities  of 
these  wheels  are  shown  by  plate  No.  3.  After  a patient  discus- 
sion of  the  subject,  the  Committee  on  Water  directed  the  Depart- 
ment to  procure  estimates  from  these  persons,  and  also  from  Levi 
Smith,  the  maker  of  the  Parker  wheel.  The  bids  will  be  found  in 
the  appendix.  Mr.  Emile  Geyelin  of  this  City,  was  the  lowest 
bidder,  and  the  contract  was  therefore  allotted  to  him  for  two  of 
the  wheels ; no  appropriation  having  at  that  time  been  made  for 
the  third.  The  wheel,  as  now  being  built,  is  shown  in  plate 
No.  4. 

DESCRIPTION  OF  APPARATUS  USED  FOR  TESTING  TIIE  MODELS  OF 
TURBINE  WHEELS. — PLATE  NO.  2. 

The  large  box  C,  forms  a reservoir  for  supplying  the  models 
with  water ; it  communicates  with  the  penstock  D,  by  way  of 
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the  trunk  P,  and  has  a waste  notch  adapted  to  it,  for  preventing 
overflow  of  the  box.  The  valve  p,  operated  by  the  lever  R,  hav- 
ing its  fulcrum  in  the  post  S,  opens  and  closes  the  communication 
with  the  trunk  and  reservoir,  at  the  pleasure  of  the  operator. 

The  models  to  be  tested,  were  placed  in  the  box  F,  which 
served  as  a wheel  pit,  with  their  inlet  water-ways  connected  di- 
rectly to  the  side  of  the  penstock  D.  Those  wheels  which  had  no 
gates  of  their  own,  were  provided  with  one  at  the  opening  of  the 
penstock  into  the  inlet  of  the  wheel.  After  the  water  had  per- 
formed its  work  in  the  wheels,  it  flowed  into  the  box  F,  and 
escaped  through  the  notch/1,  into  the  trough  Gt,  by  which  it  was 
either  conveyed  from  the  apparatus  into  the  river,  or  conducted 
into  the  measuring  box  L,  through  the  spout  K. 

When  the  discharge  valve  J was  open,  any  water  passing  down 
the  trough  fell  into  the  measuring  box;  but  when  the  valve  was 
shut,  the  water  passed  over  its  back  and  was  delivered  outside. 
This  valve  was  operated  by  the  rod  y extending  through  a slit  in 
the  top  of  the  trough,  the  side  of  which  is  removed  to  show  the 
arrangement. 

The  measuring  box  L is  emptied  through  the  opening  M,  by 
drawing  the  slide  N,  and  has  a graduated  glass  tube  0 fitted  to 
its  side,  for  exhibiting  the  exact  depth  of  the  water  within. 

To  the  top  of  the  penstock  D was  fitted  an  overflow  spout  E, 
for  carrying  off  any  excess  of  head  of  water  from  the  models,  it 
being  important  to  maintain  an  unvarying  head  over  them.  The 
perpendicular  distance  between  the  summit  e,  of  the  overflow  E, 
and  the  notch  f,  was  six  feet. 

The  shaft  of  each  model  was  connected  by  suitable  gearing  to 
the  shaft  of  the  drum  T.  Upon  this  drum  was  wound  a rope, 
which,  passing  over  the  sheave  B,  revolving  in  bearings  at  the 
tops  of  the  posts  AA,  lifted  the  weight  box  II. 

The  posts  AA,  were  held  in  position  by  guys,  which  extended 
back  and  were  fastened  on  the  upper  level  of  the  wall. 

The  whole  apparatus  was  supported  on  and  connected  with 
the  framing  UU,  YW,  XY,  and  Z. 

The  box  C received  a constant  supply  of  water,  through  pipes 
connected  with  one  of  the  pump  mains. 
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The  measuring  box  was  five  feet  every  way,  inside. 

The  apparatus  is  Isometrically  represented  to  a scale  of  one- 
eighth  of  an  inch  to  the  foot. 

The  height  of  the  wall  against  which  the  apparatus  stood  is 
fifteen  feet. 

OPERATION. 

After  the  model  to  be  tested  was  properly  connected  with  the 
penstock  D,  and  drum  shaft  T,  the  reservoir  C was  filled  with 
water,  and  kept  constantly  supplied  to  the  point  of  overflow. 

The  weight  box  H was  then  charged  and  carefully  weighed, 
and  the  valve  J thrown  upon  its  seat,  to  pass  the  water  outside 
the  measuring  box.  This  valve  wms  operated  by  an  assistant, 
whose  business  it  was  to  open  and  close  it  promptly,  when  the 
signals  were  given. 

An  assistant  was  stationed  at  the  lever  It,  to  control  the  valve 
p,  and  keep  the  water  in  the  penstock,  during  the  experiment, 
just  at  the  point  of  overflow. 

The  rope  was  well  stretched  before  it  was  used,  and  during  the 
course  of  the  experiments  two  pieces  of  tape  were  fastened 
around  it,  at  a convenient  distance  apart  for  observation,  (usually 
25  ft.)  which  distance  was  measured  when  the  whole  weight  of 
the  loaded  box  was  suspended.  Before  trial,  the  box  was  raised 
and  lowered  several  times  by  running  the  wheel,  to  ascertain  that 
all  the  machinery  was  properly  adjusted,  and  to  give  the  rope 
every  opportunity  of  becoming  fully  stretched  for  the  trials. 
The  distance  between  the  tapes  was  again  measured,  and  fre- 
quently also  during  the  trial,  to  enable  the  operators  to  eliminate 
every  possibility  of  error  from  the  stretching  or  contracting  of 
the  rope. 

When  the  wheel  was  fully  under  way,  and  at  the  moment  the 
first  tape  was  passing  a fixed  point,  a signal  was  given  to  open 
the  discharge  valve  and  direct  the  tail  water  into  the  measuring 
box  ; when  the  second  tape  was  passing  the  same  point,  another 
signal  was  given  to  close  the  valve,  and  conduct  the  tail  water 
away  from  the  apparatus ; after  which  the  wheel  was  stopped  and 
the  weight  box  allowed  to  run  back  to  the  place  of  starting. 
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If  the  depth  of  overflow  from  the  top  of  the  penstock  varied  in 
any  experiment,  or  in  different  experiments,  the  operator  at  the 
inlet  valve  noted  the  amount  of  variation  from  observations  made 
at  the  summit  of  the  spout,  and  allowed  for  it  accordingly. 

An  adjustable  slide  was  fitted  to  the  notch/,  to  enable  the 
operator  to  maintain  a uniform  overflow  of  the  tail  water  from 
the  wheels.  Upon  the  surface  of  the  water  in  the  wheel  box  F 
rested  a float,  from  which  projected  a rod  vertically,  to  the  top 
of  the  penstock;  this  rod  exhibited  to  the  operator  above  the 
level  of  the  water  in  the  wheel  box,  and  served  as  a check  to  any 
neglect  of  duty  on  the  part  of  the  operator  at  the  adjustable  notch 
f.  For  wheels  which  vented  water  more  rapidly  than  others,  the 
adjustable  notch  and  float  indicator  were  necessary  to  ascertain 
the  actual  difference  of  level  of  the  head  and  tail  water,  during 
every  trial ; which  difference  is  the  true  head  or  fall,  acting  on 
any  water  wheel. 

It  will  be  noticed,  that  the  amount  of  water  which  escaped 
from  the  wheel  during  the  experiment,  into  the  measuring  box, 
was  only  that  which  was  used  to  raise  a known  weight  a measured 
height,  after  the  wheel  had  attained  a uniform  speed. 

It  is  reasonable  to  assume  that  the  amount  of  water  required 
to  start  different  wheels,  may  vary  very  considerably ; and  it  is 
possible  that  a wheel  which  gives  a higher  ratio  of  useful  effect 
while  in  motion,  may  require  more  water  to  get  it  under  way  than 
one  which  gives  a lower  ratio.  It  is  also  certain,  that  at  the 
commencement  of  the  trials,  the  rope  would  be  drawn  to  different 
tensions;  perhaps,  in  some  instances,  it  would  hang  loosely  from 
the  sheave,  in  which  case  the  wheel  would  vent  a great  deal  of 
water  before  the  weight  would  be  lifted  at  all.  It  was  to  avoid 
errors  from  these  sources  that  the  apparatus  was  constructed  in 
the  manner  described ; to  ascertain  the  useful  effect  of  each  wheel, 
only  while  in  motion  and  during  the  performance  of  its  work ; 
omitting  altogether,  the  uncertain  conditions  of  starting  and 
stopping. 

The  different  parts  of  the  apparatus  were  so  disposed  that  the 
observer  at  the  penstock  overflow  could  see  the  level  of  the  water 
in  the  wheel  box,  as  indicated  by  the  float  rod ; and  the  observer 
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stationed  to  signal  the  passage  of  the  tape  over  the  measuring 
point  could,  by  his  ear,  note  the  time  of  closing  and  opening  the 
discharge  valve,  and  make  allowance,  if  necessary,  for  any  fore  or 
after  movement,  which  might  unavoidably  occur  while  closing  it. 
This  observer  was  at  the  same  time  within  sight  of  the  float  rod 
and  penstock  overflow,  and  in  the  interim  of  tape  transits,  could 
detect,  at  a glance,  the  height  of  head  under  which  the  wheel  was 
working.  In  this  manner,  one  observer  could  watch  the  per- 
formances of  the  others,  and  act  as  a check  to  any  neglect  of  duty 
on  their  part ; and  any  person  interested  in  the  correct  testing  of 
the  wheels,  could  see  the  ropes,  water-levels,  and  discharge  valve, 
from  one  station  point,  and  thus  observe  for  himself  the  faithful- 
ness of  the  operators  and  the  progress  of  the  trials.  The  time 
required  for  each  wheel  to  perform  its  work  was  taken  by  an 
observer,  who  stationed  himself  on  the  upper  platform,  at  a point 
favorable  for  observing  the  exact  moment  of  transit  of  the  tapes. 

During  the  whole  course  of  the  experiments  the  same  persons 
gave  the  same  signals  and  operated  the  same  parts  of  the  appa- 
ratus, and  no  pains  were  spared  in  securing  the  greatest  degree 
of  exactness  in  every  manipulation  of  the  machine. 

The  amount  of  weight  to  which  the  box  was  loaded  was  varied 
in  different  experiments;  these  weights,  together  with  all  the 
essential  data  of  the  trials,  appear  in  the  tables  which  are  given 
under  the  head  of  each  wheel.  A correct  platform  scale  for 
weighing  the  box,  was  kept  at  the  apparatus  during  the  whole 
time  of  the  experiments,  and  any  person  who  wished  to  be 
satisfied  of  its  correctness  before  trying  his  wheel,  could  have 
it  tested  upon  making  that  wish  known. 


EXPERIMENTS. 

The  following  is  a description  of  the  wheels,  with  statements 
and  tables  of  the  experiments. 

geyelin’s  double  jonval  wheel  on  a horizontal  shaft. 

Geyelin’s  first  series  of  trials  was  made  with  two  wheels,  se- 
cured on  a horizontal  shaft.  The  head-water  was  admitted 
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between  the  fixed  wheels,  and  escaped  horizontally  outwards 
through  the  movable  wheels  into  discharge  tubes,  which  were 
submerged  in  the  tail  water  in  the  same  manner,  and  for  the  same 
purpose  as  in  the  case  of  the  single  wheel  hereafter  described. 
The  arrangement  and  general  design  of  the  wheels  and  cylinders, 
and  the  curvature  of  the  guides  and  buckets  were  similar  to  those 
of  the  single  wheel  on  a vertical  shaft. 

Table  2STo.  1 exhibits  the  results  with  this  arrangement. 

A high  percentage  was  not  claimed  for  the  double  Jonval 
wheel;  the  trials  with  it  were  regarded  altogether  as  experi- 
mental in  their  nature,  with  a view  to  ascertain  the  comparative 
merits  of  the  two  systems,  when  wheels,  in  every  way  similar  to 
each  other,  were  used  under  similar  circumstances;  that  is,  two 
wheels  on  a horizontal  shaft  compared  with  one  wheel,  of  about 
the  same  power,  on  a vertical  shaft,  and  under  the  same  head. 

JONVAL  TURBINE  BY  GEYELTN. 

The  sketch  fig.  5,  plate  3,  represents  a vertical  section  of  the 
principal  parts  of  the  Jonval  model,  by  Gevelin,  drawn  to  a scale 
of  three-quarters  of  an  inch  to  a foot,  in  which  A is  the  movable 
wheel,  B the  fixed  wheel,  and  C the  easing  which  contains  them. 
Plate  4,  will  give  a general  idea  of  the  wheel  and  gearing.  The 
buckets  were  fastened  in  the  movable  wheel,  at  D,  to  the  central 
part,  or  hub,  and  were  bound  around  their  outer  edges  by  a 
wrought  iron  band. 

The  wheel  thus  constructed  was  secured  to  the  shaft  F,  turned 
off  truly  on  its  upper  face  and  outer  edge,  and  fitted  to  run  freely 
under  the  fixed  wheel,  and  within  the  cylindrical  part  of  the 
casing  C.  The  guides  were  firmly  secured  to  the  outer  face  of 
the  fixed  wheel  B,  at  E,  and  fitted  closely  against  the  conical 
sides  of  the  upper  part  of  the  casing  C.  The  shaft  F revolved 
freely  through  the  top  plate  of  the  fixed  wheel.  The  part  of  the 
casing  in  which  the  fixed  wheel  rested,  and  the  cylindrical  part  in 
which  the  movable  wheel  turned,  were  bored  out  truly,  and  the 
under  edge  of  the  hub  B,  where  it  meets  the  corresponding  rim 
of  the  movable  wheel,  was  faced  off,  so  that  the  movable  wheel 
could  run  nearly  in  contact  with  it. 


12 


No.  1. 

GEYELIN’S  FIRST  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  JONVAL  TURBINE  ("DOUBLE  VER- 
TICAL, ) BY  E.  GEYELIN,  NOV.  9,  1859.  HEIGHT  25  FT. 
HEAD  6.04  FEET. 

No. 

Weight  raised. 

W ater 
in  box. 

Time  in 
seconds. 

Ratio  of 
useful  effect. 

1 

700  lbs. 

3.31  ft. 

20 

.5633 

2 

800  “ 

3.52  “ 

oo 

.6054 

3 

900  “ 

3.76  “ 

24 

.6376 

4 

1,000  “ 

4.02  “ 

25i 

.6626 

5 

1.100  “ 

4.31  “ 

28 

.6799 

G 

1,200  “ 

4.72  “ 

30 

.6772 

7 

700  “ 

3.283  “ 

21 

.5680 

8 

600  “ 

3.126  “ 

20 

.5112 

9 

500  “ 

2.966  “ 

19 

.4490 

10 

■wheel  held  fast- 

3.42  “ 

20 

11 

“ runi’g  free 

3.335  “ 

20 

Ratio  of  gearing, 

Bevel  50  to  144,  ) 25  to 
Spur  6 “ 24,  \ 288. 

Area  of  orifices  in  both 
fixed  wheels,  42.G  sq.in. 

Area  of  orifices  in  both 
movable  wheels,  42 sq.in. 

Number  of  buckets  in 
each  fixed  wheel,  9. 

Number  of  buckets  in 
each  movable  wheel,  28. 

Note. — In  trial,  No.  11 
the  drum  made  13^  re- 
volutions. 


No.  2. 


GEYELIN’S  SECOND  SERIES  OF  TRIALS. 


NOTES  OF  TRIAL  OF  JONVAL  TURBINE,  ( HORIZONTAL, ) BY  E.  GEYELIN, 
FEB.  29TH,  1860.  HEIGHT  RAISED  25  FT.  HEAD  AND  FALL,  6 FT. 


No. 

Weight  raised. 

Water 

in  measuring  box. 

Average. 

Time  in 
seconds. 

Ratio  of 
useful  effect 

i 

900  lbs. 

2.96  ft. 

3.02  ft. 

2.96  ft. 

2.98  ft. 

22 

25 

21 

.8099 

2 

950  “ 

3.18  “ 

3.06  “ 

3.10  “ 

3.113  “ 

25 

24 

25 

.8183 

3 

1.000  “ 

3.25  “ 

3.32  “ 

3.23  “ 

3.266  “ 

26 

26 

.8210 

4 

1,050  “ 

3.54  “ 

3.46  “ 

3.46  “ 

3.486  “ 

27 

28 

27 

.8077 

5 

1,100  “ 

3.67  “ 

3.60  “ 

3.63  “ 

3.633  “ 

26 

27 

28 

.8119 

6 

1,150  “ 

3.84  “ 

3.73  “ 

3.82  “ 

3.80  “ 

30 

29 

30 

.8124 

7 

1,200  “ 

4.02  “ 

4.05  “ 

4.01  “ 

4.03  “ 

31 

31 

31 

.7993 

8 

1,250  “ 

4.25  “ 

4.32  “ 

4.21  “ 

4.26  “ 

32 

33 

33 

.7868 

9 

1,300  “ 

4.51  “ 

4.39  “ 

4.56  “ 

4.49  “ 

34 

33 

34 

.7771 

10 

1,000  “ 

3.87  “ 

30 

.6928 

11 

Wheel  held  fast, 

4.52  “ 

30 

12 

“ running  free. 

3.98  “ 

30 

7 to  60. 


Ratio  of  gearing, 

Bevel,  1 to  2^ 

Spur,  7 “ 24 
Area  of  orifices  through  guides,  44.6  square  inches. 

“ “ wheel,  37.7  “ “ 

Number  of  buckets  in  fixed  wheel,  10. 

“ “ movable  “ 26. 

Notes. — In  trial  12,  the  wheel  made  20  revolutions. 

In  trial  10  the  gate  was  only  partly  raised. 
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The  head  water  flowed  freely  into  the  chamber  over  the  fixed 
wheel,  whence  it  passed  into  the  chutes  formed  by  the  guides, 
and  acted  upon  the  buckets  at  D of  the  movable  wheel,  the  curves 
of  which  being  in  reverse  order,  received  the  most  effective  blow 
and  pressure  of  the  discharging  water.  After  the  water  had  per- 
formed its  work  in  the  wheel,  it  escaped  downwards  through  the 
discharge  tube,  which  was  a continuation  of  the  cylinder  C.  This 
tube  was  enlarged  immediately  below  the  wheel,  to  give  the 
escaping  water  an  unobstructed  flow,  and  was  submerged  in  the 
tail  water,  to  secure  the  power  of  the  suspended  column  of  water 
below  the  wheel,  forming  a draft  tube. 

This  wheel,  in  common  with  all  wheels  where  the  draft  tube  is 
used,  occupies  a mid-position  between  the  head  and  tail  water- 
when  the  former  was  shut  off,  the  suspended  column  of  water 
sunk  to  a level  with  the  latter,  and  left  the  wheel  in  a favorable 
position  for  examination  and  repairs. 

Should  any  solid  body  pass  between  the  buckets  and  guides, 
which  would  endanger  the  breakage  of  either,  while  the  wheel  is  in 
motion,  the  guide-wheel,  being  fitted  loosely  in  the  conical  part  of 
thecasing,  would  be  raised  and  let  the  obstruction  pass  out  without 
doing  injury.  This  peculiarity  also  permits  the  raising  of  the 
movable  wheel,  when  the  step,  or  any  of  its  parts,  needs  repair- 
ing, and  obviates  the  necessity  of  taking  the  wheel  apart. 

In  the  upper  part  of  the  diagram  fig.  6,  plate  3,  will  be  found 
the  dimensions  of  the  template  which  was  fitted  to  the  guides  of 
the  model,  against  the  outer  circumference  of  the  hub  B,  and  the 
ordinates  to  the  curve  at  every  tenth  part  of  the  whole  space  oc- 
cupied by  the  curve,  equal  to  8.55  inches. 

In  the  lower  part  of  the  diagram  are  given  the  ordinates  of 
the  bucket  curve  of  the  movable  wheel  for  every  tenth  part  of  the 
whole  curve  space.  The  template  from  which  the  bucket  curve 
was  taken,  was  formed  to  suit  the  curve  of  the  bucket  against  the 
inner  surface  of  the  ring  which  encircles  the  whole  wheel.  The 
guides  and  buckets  project  radially  from  the  hubs  of  the  wheels. 
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The  model  was  very  nicely  and  truly  fitted  up.  The  cylinder, 
gate,  base-plate  and  wheel  centers  were  made  of  cast  iron ; the 
shaft,  of  two-inch  wrought  iron,  running  on  a steel  step,  about 
five-eighths  of  an  inch  in  diameter  ; the  guides  and  buckets  were 
made  of  sheet  brass,  correctly  and  uniformly  shaped  to  the  proper 
curves  ; the  former  were  about  one-eighth,  and  the  latter  one- 
sixteenth  of  an  inch  in  thickness.  Its  proportions  and  finish  were 
well  designed  and  executed,  and  leave  nothing  to  be  desired  to 
make  it  a perfect  model  of  this  type  of  turbines. 

Table  No.  2 exhibits  the  results  of  trials  with  this  model.  The 
average  useful  effect  given  by  this  series  of  trials  is  .8049. 

JONVAL  TURBINE,  BY  COLLINS. 

Collins’s  first  wheel,  the  results  of  which  are  given  in  table  No. 
3,  was  of  the  Jonval  form,  with  several  improvements.  It  had  an 
adjustable  circular  plate  over  the  hub  of  the  wheel,  to  defend  it 
from  the  pressure  of  the  head-water,  and  a throttle-ring  below  the 
wheel,  which  could  be  raised  or  lowered  at  pleasure  ; when  close 
to  the  wheel,  the  issues  were  reduced  to  one  half  their  full  area. 
The  maker  says,  “ This  improvement  is  much  valued  where  it  is 
adapted  to  m heels  which  are  are  driven  by  small  fluctuating 
streams.” 

The  step  of  this  wheel  was  not  adjustable,  but  should  the  “ toe” 
wear  laterally  on  it,  the  wheel  could  not  rub  the  cylinder  in  which 
it  runs,  for  this  had  a horizontal  flange  fitting  into  a correspond- 
ing recess  in  the  casing  of  the  wheel,  larger  in  diameter  than  the 
ring,  thus  allowing  lateral  motion  of  both  wheel  and  ring,  without 
leakage  at  either  joint.  The  step  is  made  of  lignum  vitse,  and  is 
very  large  compared  with  that  of  other  wheels.  This  model  was 
made  to  operate  under  a varying  head,  and  this  peculiarity  the 
makers  claimed  to  be  its  excellence.  It  is  to  be  regretted  that 
the  testing  apparatus  was  not  adapted  to  exhibit  this  feature  of 
the  wheel. 
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Ho.  3. 

COLLINS’S  FIRST  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  JONVAL  TURBINE,  BY  J.  P.  COLLINS, 
FIRST  WHEEL.  HEAD  AND  FALL,  6.1  FT. 


No. 

Weight  raised. 

Height. 

Water 
in  box. 

Time  in 
seconds. 

Ratio  of 
useful  effect. 

i 

1,200  lbs. 

16 

4.723  ft. 

36 

.4289 

2 

1,100  “ 

16 

3.970  “ 

30 

.4677 

3 

1,000  “ 

18 

4.030  “ 

31 

.4712 

4 

900  “ 

23 

4.613  “ 

34 

.4734 

5 

800  “ 

23 

4.193  11 

28.6 

.4630 

6 

700  “ 

23 

3 920  “ 

28.5 

.4333 

7 

Wheel  held  fast, 

3.830  “ 

30 

8 

“ running  free, 

4.165  “ 

30 

Ratio  of  gearing. 
Bevel  16  to  38  ) 5 6 to 
Spur  7 “21  $76. 

Diameter  of  fixed 
•wheel  outside  of  gui- 
des, 20  inches. 

Diameter  of  mov- 
able wheel,  20  inches 

Width  of  buckets, 
2.75  inches. 

Depth  of  wheel, 
3 75  inches. 

No.  of  buckets,  21. 

Area  of  orifices  39 
square  inches. 

No.  of  guides  in 
fixed  wheel,  18. 

Depth  of  guides  in 
fixed  wheel,  3.75  in. 


Area  of  orifices  in  fixed  wheel,  40  square  inches. 

Note.  In  trial  No.  8,  the  drum  made  14><  revolutions. 


No.  4. 

COLLINS’S  SECOND  SERIES  OF  TRIALS. 


NOTES  OP  TRIALS  OP  JONVAL  TURBINE,  BY  J.  P.  COLLINS, 
HEAD,  6 FT.  SECOND  WHEEL. 


No. 

Weight 

raised. 

Height. 

Water  in  measuring  box.  Average. 

Time  in 
seconds. 

Ratio  of 
useful  effect 

i 

900  lbs. 

25 

ft. 

3.63 

ft. 

3.58 

ft. 

3.58 

ft. 

3.596 

ft. 

30 

30 

31 

.6716 

2 

800 

i t 

25 

1 i 

2.93 

tl 

2.87 

tl 

2.85 

It 

2.883 

tl 

25 

25 

.7440 

3 

700 

t t 

25 

l l 

2.48 

tt 

2.52 

tt 

2.53 

tt 

2.51 

tt 

22 

22 

22 

.7478 

4 

600 

t t 

25 

l l 

2.34 

tt 

2.34 

tt 

2-30 

a 

2.326 

it 

21 

21 

21 

.6915 

5 

850 

t < 

25 

l l 

3.22 

it 

3.15 

It 

3.17 

tt 

3.18 

It 

28 

27 

28 

.716S 

6 

1,000 

1 t 

25 

t l 

3.79 

tt 

3 67 

tt 

3.66 

Cl 

3.706 

It 

31 

31 

31 

.7235 

7 

1,100 

i t 

25 

t i 

4.39 

it 

4.32 

it 

4.30 

a 

4.336 

tt 

36 

37 

36 

.6802 

8 

1,200 

t 1 

2.3 

t t 

4.85 

tl 

4.91 

tt 

4 88 

tl 

40 

.7662 

9 

900 

i t 

25 

4 l 

3.20 

tt 

3.13 

tl 

3.12 

tt 

3.15 

tt 

28 

27 

28 

.7221 

10 

1,000 

t i 

25 

i t 

3.78 

a 

3.71 

a 

3.65 

tt 

3.713 

li 

31 

32 

31 

11 

Wheel 

held  fast. 

4.05 

li 

30 

12 

“ 

runnin 

5 free. 

4.12 

It 

|30 

48  to  7. 


Ratio  of  gearing, 

Bevel,  2 to  1, 

Spur,  24  “ 7, 

Area  of  orifices  through  guides,  35.4  sq.  inches.  Area  of  orifices  through 
wheel,  31.35  sq.  inches.  Number  of  buckets  in  movable  wheel,  19.  Num- 
ber of  buckets  in  fixed  wheel,  13.  Depth  of  movable  wheel,  4.35  inches. 
Depth  of  fixed  wheel,  7 inches.  Width  of  buckets  in  fixed  wheel  at  top, 
3.25  inches.  Width  of  buckets  in  fixed  wheel  at  bottom,  2.25  inches. 
Width  of  buckets  in  movable  wheel  at  top,  2.10.  Width  of  buckets  in 
movable  wheel  at  bottom,  1.65.  Diameter  of  fixed  wheel  at  top,  22.4  in- 
ches. Diameter  of  fixed  wheel  at  bottom,  20.4. 
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Collins’s  second  series  of  results,  which  are  given  in  table  No. 
4,  was  obtained  by  a Jonval  form  of  wheel,  differing  from  the  first 
in  having  a conical  water-way  through  both  guides  and  buckets; 
which,  in  the  first,  was  cylindrical.  The  rims  of  the  hubs  of  both 
wheels  was  cylindrical,  15.9  inches  in  diameter.  The  chutes, 
where  the  wmter  entered  them  had  a radial  breadth  of  3.22  inches, 
and  the  issues,  at  the  bottom  of  the  wheel,  had  a radial  breadth  of 
1.65  inches.  The  vertical  depth  of  the  chutes  was  7 inches,  and 
of  the  buckets  4.35  inches  There  was  a space  of  about  one  inch 
between  the  fixed  and  movable  wheels. 


JONVAL  BY  STEVENSON. 

No.  5 


STEVENSON’S  FIRST  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS 

OF  JONVAL  TURBINE,  BY 

J.  E.  STEVENSON. 

No. 

Water  in 

'l  ime  in 

Head 

Ratio  of 

raeas.  box. 

seconds. 

and  tall. 

useful  effect. 

i 

900  lbs. 

25  ft. 

3 520  ft. 

26 

6 02  ft. 

.6833 

o 

1,000  “ 

ll 

3 816  “ 

29 

ll 

.7004 

3 

1,050  “ 

ll 

3.926  “ 

29 

n 

.7148 

4 

1,100  “ 

n 

4.053  “ 

30 

u 

.7254 

5 

1,150  “ 

u 

4.190  “ 

31 

n 

.7335 

6 

1,200  “ 

n 

4.420  “ 

33 

ll 

.7256 

7 

1,250  “ 

99  “ 

—uj 

4.076  “ 

30 

ll 

.7213 

8 

1,300  “ 

99  “ 

4.346  “ 

32 

Cl 

.7035 

9 

1,350  “ 

20  “ 

4.166  “ 

31 

ll 

.6929 

10 

Wheel  held  fast, 

4.58  “ 

30 

ll 

11 

*•  running 

free, 

4.39  “ 

30 

ll 

Average,  .7112 

Ratio  of  gearing. 

Bevel,  17  to  69,  1 ion  1/U.0 
a A A ii  nr  f 187  to  1406. 

Spur,  44  “ 9b,  J 

Area  of  orifices  through  guides,  41.25  square  inches. 

“ “ “ wheel,  30.9  “ “ 

Outside  diameter  of  wheel,  21  inches. 

Inside  “ “ 15.5  “ 

Number  of  buckets  in  movable  wheel,  18. 

“ “ fixed  wheel,  12. 

Depth  of  movable  wheel,  5.25  inches. 

“ “ fixed  “ 5. 

In  trial  11,  the  drum  made  18  revolutions. 


LI,  3. 
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( First  Model.) 

In  Stevenson’s  first  model,  the  guides  were  not  bent  down  at  their 
lower  ends,  as  shown  in  the  description  of  the  second,  (see  plate 
3,  fig.  4,)  but  the  lower  edge  of  the  band  of  the  movable  wheel  was 
flared ; and  the  water-ways  in  the  fixed  wheel  narrowed  to 
the  point  of  discharge.  The  movable  wheel  had  eighteen 
buckets,  the  fixed  wheel  twelve  guides,  and  the  forebay  had 
a partition  projecting  from  one  side  to  near  the  shaft,  to  prevent 
gyration  of  the  head-water,  which  entered  the  forebay  in  a radial 
direction  towards  the  centre  of  the  wheel-shaft. 

The  results  of  the  trials  are  shown  in  table  No.  5. 

( Second  Model.) 

This  Jonval  model,  by  Stevenson,  was  similar  to  Geyelin’s  in 
principle,  but  different  in  the  arrangement  of  its  details.  Fig.  2, 
plate  3,  represents  a vertical  central  section  of  the  movable  and 
stationary  wheels,  as  arranged  when  it  gave  the  second  series  of 
trials,  in  which  A is  the  movable,  B the  fixed,  wheel,  and  F the 
shaft  to  which  the  former  is  secured,  and  which  runs  freely  through 
the  latter ; D represents  the  place  occupied  by  the  buckets,  which 
were  bound  to  the  hub  by  a thin  wrought  iron  band,  as  in  Geye- 
lin’s, and  were  additionally  secured  by  two  small  square  bands 
outside.  A flange,  L,  projected  from  the  movable  wheel,  within 
the  rim  of  the  fixed  wheel,  and  formed  against  it  a water-tight 
joint. 

The  position  of  the  guides  is  shown  at  E ; they  were  doubly  bound 
to  the  hub  of  the  fixed  wheel,  in  the  same  manner  as  the  buckets  of 
the  movable  wheel.  The  fixed  wheel  was  secured  in  a groove 
turned  in  the  floor,  C,  of  the  forebay,  into  which  it  projected. 

The  step-box  was  adjusted  laterally  by  radial  screws,  which 
passed  through  lugs  on  the  centre-plate  of  the  spider  beam,  and 
rested  on  a ring  which  was  fitted  into  the  central  aperture  of  the 
latter.  This  ring  was  adjusted  vertically  by  a large  taper  key, 
which  extended  under  it  and  across  the  central  aperture.  If  the 
radial  screws  were  slackened  and  the  key  withdrawn,  the  ring  and 
step-box  could  be  lowered  through  the  central  aperture,  and  re- 
2 B 
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paired,  without  raising  or  disturbing  the  wheel,  after  which  it 
could  be  replaced  with  little  trouble. 

A circular  chamber  bolted  fast  to  the  centre-plate  of  the  spider 
beam  surrounded  the  step-box  and  extended  above  the  bearing  ; 
a spout  led  from  the  side  of  the  discharge  tube  into  this  chamber, 
for  the  purpose  of  keeping  the  chamber  constantly  filled  with 
water. 

This  wheel  had  a discharge  or  draft-tube  extending  beneath  the 
surface  of  the  tail  water,  in  the  same  manner  as  Geyelin’s,  and 
was  fitted  with  a gate,  which  consisted  of  a circular  disc  of  the 
same  diameter  as  the  tube,  supported  on  a horizontal  axis,  by 
which  it  was  operated  from  the  outside. 

Beneath  the  floor,  C,  of  the  forebay,  projected  a flange,  within 
which  the  upper  band  of  the  movable  wheel  freely  revolved.  This 
flange,  and  the  flange  L,  allowed  the  movable  wheel  to  be  lowered 
without  loss  of  water  at  the  joints  of  the  flanges  with  the  wheel. 
This  arrangement  permitted  experiments  to  be  made  with  the 
wheel  at  different  distances  from  the  guides. 

The  head- water  entered  the  forebay  in  the  direction  of  a tan- 
gent, thus  favoring  gyration  in  its  motion  over  the  chutes  or  guide 
curves,  which,  in  the  first  model,  was  prevented  by  a partition  in 
the  forebay. 

Diagram  fig.  4,  plate  3,  represents  the  guide  and  bucket  curves 
of  the  model,  drawn  to  a scale  of  one-tenth  the  full  size.  The 
dimensions  were  taken  from  templates  fitted  to  the  guides  and 
buckets  on  the  inner  surfaces  of  the  bands  which  encircle  them. 

In  the  fixed  wheel  there  were  twelve  guides,  and  in  the  movable 
wheel  nineteen  buckets.  The  top  edges  of  the  guides  were  radial 
lines,  and  the  lower  edges  were  tangent  to  a circle  6 inches  in 
diameter,  concentric  with  the  wheel,  as  shown  by  the  lines  I, 
fig.  1.  The  top  edges  of  the  buckets  were  tangent  to  a circle  H 
inches  in  diameter,  shown  by  the  lines  H,  fig.  3,  and  the  bottom 
edges  were  radial  lines;  all  the  tangents  were  on  the  same  side 
of  the  axis. 

The  lower  edge  of  the  band  which  encircled  the  buckets  of  the 
movable  wheel  was  flared  outwards,  to  give  the  water  (in  the 
opinion  of  the  maker)  “a  free  discharge  from  the  wheel,  and  at 
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the  same  time  diminish  friction,  secure  the  action  of  centrifugal 
force  upon  the  incline  of  the  band,  and  give  thereby  additional 
power  to  the  wheel.” 

It  will  be  noticed  in  the  diagram,  fig.  4,  that  the  guide  curve  is 
bent  downwards  at  its  lower  end,  causing  the  space  between  the 
curve  and  the  dotted  line,  (which  latter  is  a guide  curve  advanced 

on  the  wheel)  to  widen  towards  the  point  of  discharge. 

It  will  also  be  noticed  that  this  change  of  curvature  deflects 
the  direction  of  the  discharge  at  a greater  angle  with  the  plane 
of  the  wheel. 

These  were  strong,  practical  working  models,  22  inches  in 
diameter,  with  brass  buckets,  well  finished.  Every  part  was  well 
and  truly  fitted;  the  “toe”  of  the  shafts  revolved  upon  lignum- 
vitse  steps  about  two  inches  in  diameter,  the  same  as  that  of  their 
shafts ; all  of  the  machine  work  was  done  in  the  best  manner. 

It  will  be  noticed  in  table  No.  6,  that  the  model  gave  its 
highest  result  in  the  twelfth  trial,  the  first  one  made  after  the 
wheel  was  lowered  from  the  guides;  but  in  the  next  two  trials,  it 
shows  a decided  loss  when  compared  with  the  third  and  fourth 
trials,  which  were  made  under  like  circumstances,  or  nearly  so, 
before  the  wheel  was  lowered  from  the  guides. 

It  further  appears,  that  on  the  next  day,  when  three  trials 
were  made,  the  second  of  which  was  under  circumstances  precisely 
similar  to  those  of  the  twelfth  trial  on  the  day  previous,  a falling 
off  of  3.4  per  cent,  occurred,  and  the  third  trial  failed,  by  1.6  per 
cent.,  to  equal  the  fifth,  with  the  same  weight  to  lift  as  on  the  pre- 
vious day,  when  the  wheel  ran  close  to  the  guides. 

Reference  to  Stevenson’s  first  series  of  trials,  table  No.  5,  will 
show  an  average  ratio  of  useful  effect  of  .1112,  which  is  consider- 
ably below  .8485,  the  average  of  the  second  series.  The  average 
of  both  series  taken  together  is  .1198. 
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No  6. 

STEVENSON’S  SECOND  SERIES  OF  TRIALS. 


NOTES  OP  TRIALS  OF  JONVAL  TURBINE,  BY  J.  E.  STEVENSON,  MARCH  9,  1860. 
THE  WEIGHTS  WERE  ALL  RAISED  25  FEET. 


No. 

Weight  raised 

Water  in  measuring  box. 

Average. 

Time  in 
seconds. 

Head 
and  fall. 

Ratio  of 
usefuleffect 

i 

750  lbs. 

2.36  ft. 

2.40  ft. 

2.36  ft. 

2.373  ft. 

20 

20 

6 ft. 

.8475 

2 

800  “ 

2.57  “ 

2.53  “ 

2.46  “ 

2.52  “ 

20 

20i 

20 

11 

.8512 

3 

850  “ 

2.72  “ 

2.64  “ 

2.61  “ 

2.656  “ 

22 

22 

21 

U 

.8582 

4 

900  “ 

2 83  “ 

2.78  “ 

2.78  “ 

2.796  “ 

23 

23 

23 

a 

.8632 

5 

950  “ 

2.97  “ 

2.90  “ 

2.98  “ 

2.95  “ 

25 

25 

25 

u 

.8635 

6 

1,000  “ 

3.17  “ 

3.12  “ 

3.10  “ 

3.13  “ 

26 

26 

26 

u 

.8567 

7 

1,050  “ 

3.50  11 

3.34  “ 

3.58  “ 

3.456  “ 

27 

28 

28 

a 

8147 

8 

1,100  “ 

3.79  “ 

3.77  “ 

3.71  “ 

3.756  “ 

30 

30 

30 

u 

.7853 

9 

1,050  “ 

3.31  “ 

3.28  “ 

3.26  “ 

3.283  “ 

26 

27 

27 

a 

.8372 

10 

1,000  “ 

4.81  “ 

4.81  “ 

40 

a 

.5575 

11 

975  “ 

3.15  “ 

3.05  “ 

2.98  “ 

3.06  “ 

26 

25 

25 

a 

.8544 

12 

925  “ 

2.78  “ 

2.83  “ 

2.87  “ 

2.826  “ 

23 

24 

24 

u 

.8777 

13 

900  “ 

2.88  “ 

2.79  “ 

2.835  “ 

23 

23 

a 

.8513 

14 

875  “ 

2.73  “ 

2.73  “ 

22 

<< 

.8593 

15 

wheel  held. 

4.29  “ 

4.29  “ 

30 

a 

16 

“ free. 

4.51  “ 

4.51  “ 

30 

a 

NOTE. IN  THE  LAST  FIVE  EXPERIMENTS  THE  WHEEL  WAS  LOWERED  1^  IN. 

FROM  THE  GUIDES. 


March  10th,  1860. 


1 

900  lbs. 

2.76  ft. 

2.82  ft. 

2.79  ft. 

2.79  ft. 

23 

23 

24 

6 ft. 

.8650 

2 

925  “ 

3.01  “ 

2.91  “ 

2.90  “ 

2.94  “ 

24 

24 

U 

.8437 

3 

950  “ 

3.04  “ 

3.00  “ 

2.98  “ 

3.006  “ 

24 

24 

24 

tt 

.8475 

4 

wheel  held 

4.20  “ 

30 

u 

5 

“ free. 

4.22  “ 

30 

a 

Omitting  the  10th  trial,  the  average  is  .8485 


_ . . . < Bevel,  17  to  69,  ) Qr  , r 

Ratio  of  gearing.  | gpur  60  «,  96;  \ 85  to  5o2. 

Area  of  orifices  through  guides,  42  square  inches. 

“ “ “ “ wheel,  32  “ “ 

Number  of  buckets  in  movable  wheel,  19. 

“ “ fixed  “ 12. 

Depth  of  movable  wheel,  5.125  inches. 

“ fixed  “ 5.75  “ 

Depth  of  buckets  in  movable  wheel,  4.937  inches. 

“ “ fixed  wheel,  5.75  “ 

Mean  diameter  of  movable  wheel  at  lower  edge,  18|  inches. 

Top  edges  of  buckets  of  movable  wheel  are  tangent  to  a;  circle,  1 \ inches 
diameter. 

Bottom  edges  of  buckets  in  movable  wheel  are  radial  lines. 

Top  edges  of  buckets  in  fixed  wheel  are  radial  lines. 

Bottom  “ “ “ “ tangent  to  a circle  6 inches  diameter. 

In  trial  No.  10,  the  gate  was  partly  closed. 
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W.  G.  & J.  Watson,  of  Paterson,  N.  J.,  who  claim  to  be  the 
designers,  makers  and  owners  of  the  Stevenson  models,  have 
furnished  a cut  of  their  wheel,  which  is  here  inserted. 


The  descriptions  of  Stevenson’s  models  given  above  apply  to 
this  cut,  it  being  a representation  of  the  wheel  experimented 
upon.  A letter  from  the  Messrs.  Watson  is  here  inserted  : — 


99, 


Paterson,  N.  J.,  February  4,  1861. 

To  H.  P.  M.  Birkinbine, 

Chief  Engineer,  Water  Department,  Philadelphia: 

Dear  Sir  : — Reverting  to  the  experiments  on  turbine  water 
wheels,  made  at  your  Works  at  Fairmount,  we  beg  to  assure  you 
that  the  models  exhibited  by  J.  E.  Stevenson,  were  constructed 
by  us  at  our  expense  and  upon  our  own  plans  ; they  were  also 
erected  at  our  own  cost,  and  that  he  acted  in  the  matter  only  as 
our  agent. 

* * * * * if: 

We  are  anxious  to  be  fairly  represented  in  your  forthcoming 
report,  and  also  to  have  the  merit  of  our  model  certified  to  by 
you,  as  was  your  original  intention,  but  which  unfortunately,  a 
faithless  agent  perverted  and  appropriated  to  his  own  uses,  by 
securing  the  testimonial  in  his  own  name. 

We  are,  most  respectfully  yours, 

W.  G.  & J.  Watson. 


ANDREWS,’  AND  ANDREWS  AND  KALBACH’S  WHEEL. 

The  results  of  the  experiments  with  a wheel  by  Andrews,  will 
be  found  in  table  No.  7.  It  differed  from  the  wheel  of  Andrew’s 
and  Kalbach,  described  below,  in  the  curvature  of  the  buckets 
and  in  having  smaller  issues. 

Fig.  1,  plate  3,  represents  a top  view:  fig.  8,  a side  elevation, 
and  fig.  9,  a bottom  view  of  Andrews  and  Kalbach’s  wheel,  which 
ran  over  a scroll  or  helical  chute,  common  to  many  wheels.  The 
model  was  made  of  soft  metal,  and  was  very  roughly  finished. 
It  had  the  least  amount  of  machine  work  on  it,  and  in  appearance 
was  most  unpromising. 

Table  No.  8,  will  show  its  performances,  and  table  No.  9, 
another  series  of  trials  when  the  chute  or  scroll  over  which  the 
wheel  was  placed  was  enlarged. 
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No.  7 

ANDREWS’  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  ANDREWS’  UPWARD  DISCHARGE  WHEEL. 
December  23rd,  1859.  FIRST  MODEL.  HEAD  6 FT. 


No. 

Weight  raised. 

Height. 

Water 
in  box. 

Time  in 
seconds. 

Head 
and  fall. 

Ratio  of 
useful  effect. 

1 

1,300 

lbs. 

18  ft. 

4.55  ft. 

35 

6 ft. 

.5516 

2 

1,250 

C C 

20  “ 

4.54  “ 

37 

c c 

.5906 

3 

1,200 

C C 

20  “ 

4.37  “ 

33 

l c 

.5891 

4 

1,150 

l l 

20  “ 

4.05  “ 

32 

1 1 

.6084 

5 

1,100 

CC 

20  “ 

3.81  “ 

25 

l c 

.6193 

6 

1,050 

CC 

20  “ 

3 63  “ 

23 

l c 

.6205 

7 

1,000 

CC 

20  “ 

3.52  “ 

20 

Cl 

.6094 

8 

900 

CC 

20  “ 

3.20  “ 

23 

1 1 

.6033 

9 

800 

CC 

20  “ 

2 97  “ 

23 

l c 

.5743 

Ratio  of  gearing, 

Bevel  4 to  1,  ) - . „ 

Spur,  7“  24;|7t0  6- 

Diameter  of  wheel  outside  of  buckets,  15^  inches. 


inside 


8* 


6 issues,  having  an  area  of  26  square  inches. 


No.  8. 


ANDREWS  AND  KALBACH’S  FIRST  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  ANDREWS  AND  KALBACH’S  UPWARD  DISCHARGE 
WHEEL.  DECEMBER  27th,  1859.  WEIGHTS  RAISED  25  FT.  HEAD  6 FT. 

No. 

Weight  raised. 

Water  in  measuring  box. 

Average. 

Ratio  of 
useful  effect. 

1 

650 

lbs. 

2.28  ft. 

2.26  ft. 

2.35  ft 

2.296 

.7591 

2 

675 

U 

2 45  “ 

2.50  “ 

2.475 

.7313 

3 

700 

Cl 

2.58  “ 

2.57  “ 

2.575 

.7290 

4 

725 

Cl 

2.60  “ 

2 61  “ 

2.605 

.7463 

5 

750 

Cl 

2.90  “ 

2.75  “ 

2.71  “ 

2.786 

.7219 

6 

775 

Cl 

2.91  “ 

2.85  “ 

2.89  “ 

2.883 

.7226 

7 

800 

a 

2.96  “ 

2.94  “ 

2.950 

.7272 

8 

825 

cc 

3.14  “ 

3.04  “ 

2.090 

.7159 

9 

850 

Cl 

3.23  “ 

3.18  “ 

2.205 

.7112 

10 

875 

cc 

3.48  “ 

3 49  “ 

3.485 

. 6733 

1 11 

900 

cc 

3.89  “ 

3.890 

.6204 

-96  to  11. 


Ratio  of  gearing. 

Bevel,  4 to  1,1, 

Spur,  24  “ 11,  / ' 

Opening  into  scroll  8£  inches  wide,  and  10-J  inches  high. 

True  opening  inside  of  scroll,  3f  inches  wide,  and  12  inches  high. 
Which  = 45  square  inches. 


Six  issues  having  an  area  of  31  square  inches. 
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No.  9. 

ANDREWS  & KALBACH’S  SECOND  SERIES  OP  TRIALS. 


NOTES  OF  TRIALS 

OF  ANDREWS  & 

KALBACH’S 

UPWARD  DISCHARGE 

WHEEL,  MARCH  23d,  1860,  SECOND  MODEL. 

WEIGHTS  ALI 

RAISED 

25 

FT. 

No. 

Weight 

raised. 

Water  in  measuring  box. 

Average. 

Time  in 
seconds. 

Head 
& fall. 

Ratio  of 
useful  effect. 

i 

9501bs. 

3.71  ft. 

3.58  ft. 

3.56  ft. 

3.616  ft. 

27 

27 

27 

6 ft. 

.7045 

o 

900  “ 

3.36  “ 

3.17  “ 

3.17  “ 

3.233  “ 

24 

23 

23 

ii 

.7465 

Q 

O 

850  “ 

3.15  “ 

2.90  “ 

3.00  “ 

3.016  “ 

25 

23 

21 

ii 

.7446 

4 

825  “ 

2.93  “ 

2.77  “ 

2.79  “ 

2.82  “ 

23 

22 

21 

a 

.7845 

5 

800  “ 

2.73  “ 

2.06  “ 

2.65  “ 

2.683  “ 

19 

20 

20 

a 

.7996 

6 

775  “ 

2.63  “ 

2.55  “ 

2.52  “ 

2.566  “ 

21 

21 

21 

i i 

.8099 

7 

750  “ 

2.49  “ 

2.46  “ 

2.44  “ 

2.463  “ 

19 

19 

20 

it 

.8165 

8 

725  “ 

2.41  “ 

2.35  “ 

2.41  “ 

2.390  “ 

19 

18 

19 

a 

.8134 

9 

700  “ 

2.32  “ 

2.30  “ 

2 25  “ 

2 290  “ 

19 

19 

18 

a 

.8197 

10 

650  “ 

2.17  “ 

2.12  “ 

2.1o  “ 

2.130  “ 

17 

17 

18 

a 

.8183 

11 

600  “ 

2.075  “ 

2.075  “ 

2.075  “ 

16 

16 

a 

.7754 

12 

Wheel  held  fast. 

3.96  “ 

30 

a 

13 

“ 

running  free.  Drum 

22  rev. 

3.52  “ 

20 

Ratio  of  gearing,  { g®^’  £ n }96  to  H- 

This  wheel  is  the  same  as  that  tried  on  December  27th,  1859,  with 
the  exception  of  an  enlargement  of  chute  to  3-J  by  13f  inches,  which 
= 51.56  square  inches  area. 


Messrs.  Andrews  and  Kalbach  have  furnished  cuts  of  their 


wheels,  which  are  here  inserted.  Fig.  1 represents  an  arrange 


25 


ment  of  two  wheels  on  a horizontal  shaft;  the  head  water  passing 
between  the  wheels  aud  into  the  scrolls,  and  thence  through  the 
wheels  into  the  tail  boxes  outside. 

Fig.  2 represents  a single  wheel  on  a vertical  shaft  placed  in 
working  position  on  the  top  of  the  scroll,  and  connected  with 
gearing  above. 

Fig.  3 represents  the  scroll  with  wheel  and  shaft  removed,  and 
fig.  4 shows  a bottom  view  of  the  wheel;  the  curves  indicating 
the  shape  of  the  buckets  at  their  lower  edges,  where  the  water 
from  the  scroll  strikes  them.  These  represent  the  wheel  as 
experimented  with. 


PARKER  WHEELS,  BY  SMITH. 

The  model  of  Parker’s  single  wheel  had  a diameter  from  centre 
to  centre  of  orifice,  of  18.315  inches,  and  six  buckets  having  a 
combined  area  of  31.5  sq.  inches;  it  revolved  immediately  over  a 
double  scroll,  which  delivered  the  head  water  under  the  wheel 
at  diametrically  opposite  points,  thus  equalizing  the  wear  on  the 
step.  The  depth  of  water-way  in  the  scroll  was  seven  inches,  and 
the  whole  area  of  the  same  49  sq.  inches. 

The  buckets  had  lips  or  short  bends  on  their  inner  ends,  against 
which  the  water  from  the  scroll  acted  to  turn  the  wheel ; from 
these  bends  the  water  was  deflected  outwards  through  the  issues, 
reacting  in  its  passage  from  the  wheel. 
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Mr.  Smith  thus  describes  the  double  wheel : — “ The  wheels 
are  small  in  diameter,  and  to  get  the  required  amount  of 
water  a number  of  small  rims  are  placed  in  pairs  on  a horizontal 
shaft,  to  suit  different  heads  of  water  and  different  powers,  as 
occasion  may  require ; and  the  water  is  conducted  into  the  wheels 
by  double  helical  guides,  placed  between  concentric  cylinders  sur- 
rounding the  shaft,  (similar  to  Andrews  and  Kalbach’s  wheel, 
fig.  1,  page  24.)  The  shaft  passes  horizontally  through  the 
centre  of  the  inner  cylinder,  and  the  wheels  face  up  to  the  ends 
of  the  outer  or  largest  cylinder. 

“The  gate  is  so  placed  as  to  form  the  upper  curve  of  the  fun- 
nel-mouthed chute  or  inlet  to  the  circular  helical  guides,  which 
are  so  arranged  as  to  impinge  the  water  on  the  wheels  in  its 
circular  motion  around  the  shaft,  in  a direction  coinciding  with 
the  revolution  of  the  wheels;  which  gives  a full  and  perfect  com- 
bination of  the  percussive  and  reactive  forces  of  the  water. 

“ The  wheels  are  placed  in  the  ‘ draft  boxes’  at  any  convenient 
height  from  the  tail  water.  The  shaft  passes  out  through  pecu- 
liarly constructed  stuffing  boxes  in  the  sides  of  the  draft  boxes, 
which  cause  but  little  friction,  and  are  not  liable  to  get  out  of 
order.  The  journals  are  elevated  above  back  water,  and  are  easy 
of  access  at  all  times.” 

This  model  was  made  in  exact  proportion  to  a full  sized  work- 
ing wheel,  such  as  the  maker  would  recommend  for  the  New  Mill 
House  at  Fairmount,  and  was  about  one-fifth  the  size. 

The  results  of  this  wheel  are  given  in  Tables  No.  10, 11  and  12. 
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No.  10. 

SMITH'S  PARKER’S  SECOND  SERIES  OF  TRIALS. 


NOTES  OB  TRIALS  OE  PAEKER’s  OUTWARD  DISCHARGE  DOUBLE  VER- 
TICAL WHEEL,  BY  L.  SMITH.  DEC.  5,  1859. 


No. 

Weight 

raised. 

Height 

raised. 

Water  in  measuring  box. 

Average 

Time  in 
seconds. 

Ratio  of 
useful  effect. 

1 

lOOOlbs. 

20  ft. 

3.42  ft. 

3.46  ft. 

3.47  ft. 

3.45  ft. 

24 

23 

24 

.6208 

2 

1050  “ 

20  “ 

3.58  “ 

3.54  “ 

3.60  “ 

3.57  “ 

25 

25 

24 

.6294 

3 

1100  “ 

20  “ 

3.68  “ 

3.68  “ 

3.71  “ 

3.69  “ 

26 

26 

26 

.6384 

4 

1150  “ 

20  “ 

3.83  “ 

3.84  “ 

3.80  “ 

3.82 

28 

27 

27 

.6442 

5 

1200  “ 

20  “ 

4.00  “ 

4.03  “ 

4.01  “ 

4.01  “ 

29 

29 

29 

.6404 

6 

1250  “ 

20  “ 

4.11  “ 

4.09  “ 

4.09  “ 

4.09  “ 

31 

30 

30 

.6535 

7 

1300  “ 

20  “ 

4.31  “ 

4.32  “ 

4.29  “ 

4.30  “ 

32 

32 

32 

.6465 

8 

1400  “ 

16  “ 

3.73  “ 

3.75  “ 

3.73  “ 

3.74  “ 

29 

28 

28 

.6419 

9 

1500  “ 

16  “ 

4.23  “ 

4.20  “ 

4.24  “ 

4.22  “ 

33 

33 

34 

.6085 

10 

1250  “ 

20  “ 

3.96  “ 

3.97  “ 

4.01  “ 

3.98  “ 

30 

30 

30 

.6726 

11 

1300  “ 

20  “ 

4.25  “ 

4.19  “ 

4.19  “ 

4.21  “ 

33 

33 

32 

.6613 

12 

1350  “ 

20  “ 

4.32  “ 

4.32  “ 

4.30  “ 

4.31  “ 

34 

33 

33 

.6703 

13 

Wheel  held. 

2.83  “ 

3.23  “ 

3.18  “ 

3.08  “ 

31 

30 

30 

14 

Wheel  free. 

3.09  “ 

2.95  “ 

2.97  “ 

3.00  “ 

15 

15 

15 

Ratio  of  gearing, 

Bevel,  6 to  21|23to5-6_ 

Spur,  23  to  144  i 

In  the  14th  trial,  the  drum  made  9 revolutions. 

Head  and  fall,  6.01  feet. 

Diameter  of  wheels,  9.375  inches. 

Diameter  between  centres  of  discharge  orifices,  8.5  inches. 
Breadth  of  wheels,  3.5  inches. 

Orifices  in  each  wheel,  8. 

Size  of  orifices,  3 ins.  by  .75  = 36  sq.  ins.  area. 

Size  of  chute,  16  ins.  by  2.5  = 40  sq.  ins.  area. 
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No.  11. 


SMITH'S  PARKER’S  THIRD  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  PARKER’S  OUTWARD  DIS- 
CHARGE SINGLE  TURBINE,  BY  L.  SMITH. 


No. 

Weight 

raised. 

Height 

raised. 

Water  in 
box. 

Time  in 
seconds. 

Ratio  of 
useful  effect. 

i 

1200  lbs. 

25  ft. 

4.556  ft. 

23.3 

.7063 

o 

1150  “ 

44 

4.416  “ 

22.3 

.6983 

3 

1100  “ 

44 

4.176  “ 

21.3 

.7063 

4 

1050  “ 

4 4 

4.09  “ 

20.6 

.6884 

5 

1000  “ 

44 

4.033  “ 

20.0 

.6649 

6 

900  “ 

44 

3.883  “ 

18.6 

.6296 

i 

1100  “ 

44 

4.246  “ 

21.0 

.6947 

8 

1150  “ 

44 

4.383  “ 

21.6 

.7036 

9 

1200  “ 

44 

4.506  “ 

22.6 

.7139 

10 

1250  “ 

44 

4.64  “ 

23.3 

.7224 

11 

1300  “ 

22  g 

4.163  “ 

21.3 

.7369 

12 

1350  “ 

22 

4.266  “ 

°2. 

.7467 

No.  12. 


SMITH'S  PARKER’S  FOURTH  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  PARKER’S  OUTWARD  DIS- 
CHARGE SINGLE  TURBINE,  BY  L.  SMITH. 


No. 

Weight 

raised. 

Height 

raised. 

Water  in 
box. 

Time  in 
seconds. 

Ratio  of 
useful  effect. 

1 

13501bs. 

22  ft. 

4.233  ft. 

22 

.7526 

o 

1300  “ 

44 

4.053  “ 

20.3 

.7569 

3 

1250  “ 

25  ft. 

4.516  “ 

22.3 

.7439 

4 

1200  “ 

44 

4.410  “ 

22 

.7294 

5 

1150  “ 

4 4 

4.290  “ 

22 

.7188 

6 

1100  “ 

44 

4.183  “ 

20.3 

.7051 

7 

1050  “ 

44 

4.110  “ 

20 

.6849 

8 

Wheel  free. 

2.52  “ 

10 

9 

Wheel  held. 

4.73  “ 

30 
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littlepage’s  wheel. 

Littlepage’s  model  was  an  outward  discharge  wheel,  two  feet 
in  diameter,  placed  over  a scroll  having  a water-way  depth  at 
issues  of  3.4  inches;  the  area  of  all  the  issues,  twelve  in  number, 
being  50  sq.  inches. 

The  wheel  revolved  over  the  top  of  the  scroll,  in  the  same  man- 
ner as  Andrews  and  Kalbach’s  single  wheel.  The  area  of  water- 
way in  the  scroll,  where  the  water  first  meets  the  wheel,  was  9 
inches  deep  by  t inches  wide=63  sq.  inches. 

Mr.  Littlepage  says,  of  his  wheel: — “Instead  of  the  water 
striking  the  wheel  from  the  side  or  top,  it  strikes  it  from  the 
bottom  through  a spiral  water  passage,  filling  all  the  buckets 
at  the  same  time.  Upon  the  old  plan,  the  lower  journal  or  pivot 
of  the  wheel  had  to  bear  the  weight  of  the  wheel,  shaft,  &c.,  and 
all  or  part  of  the  column  of  water  bearing  on  the  wheel,  while  at 
the  same  time  that  pivot  is  not  accessible  for  lubrication. 

“In  my  arrangement  the  water  more  than  sustains  the  wheel, 
shaft,  and  attached  gearing,  and  requires  a top  screw  on  the  shaft 
to  keep  the  wheel  down  in  its  place.”  This  is  the  case  with  all 
wheels  placed  over  a chute.  The  diameter  of  the  wheel  upon 
which  the  water  from  the  scroll  directly  acts  is  18  inches ; outward 
from  this  the  reactive  power  only  of  the  water  assists  in  turning 
the  wheel.  The  buckets  are  spirals,  and  are  arranged  similarly 
to  the  guides  of  Fourneyron’s  wheel,  except  that  the  water  strikes 
them  from  below,  and  then  rises  into  the  issues  and  escapes 
outwardly. 

The  results  of  this  wheel  are  given  in  table  No.  13. 
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No.  13. 

LITTLEPAGE’S  SEEIES  OF  TEIALS. 


NOTES  OF  TEIALS  OF  OUTWARD  DISCHARGE 
TURBINE,  BY  LITTLEPAGE. 

noy.  22n,  1859.  head,  6.05. 


No. 

Weight 

Height 

Water  in 

Time  in 

Ratio  of 

raised. 

raised. 

box. 

seconds. 

useful  effect. 

i 

1200  lbs. 

18  ft. 

4.G36  ft. 

25 

.4956 

o 

1300  “ 

15  “ 

4.083  “ 

26.6 

.5080 

3 

1350  “ 

15  “ 

4.213  “ 

23 

.5113 

4 

1400  “ 

15  “ 

4.310  “ 

23.6 

.5183 

5 

1450  “ 

15  “ 

4.016  “ 

23 

.5377 

6 

1500  “ 

14  “ 

4.126  “ 

23.6 

.5414 

7 

1550  “ 

14  “ 

4.263  “ 

24.3 

.5415 

8 

1600  “ 

14  “ 

4.400  “ 

25 

.5415 

9 

1650  “ 

14  “ 

4.616  “ 

26 

.5323 

10 

1100  “ 

14  “ 

3.140  “ 

16.6 

.5217 

' «— 1 1 <+-> 
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BLAKE’S  WHEEL. 

In  Blake’s  model,  the  head  water  was  admitted  to  the  wheel  in 
a single  external  scroll,  and  while  pressing  against  the  buckets 
moved  towards  the  centre  of  the  wheel.  From  the  issues  it  was 
discharged  against  the  inverted  cone  of  the  hub,  and  escaped 
downwards  on  the  sloping  edges  of  a conical  base. 

Mr.  Blake  says  : — “ The  discharging  apertures  of  the  wheel  are 
so  large,  compared  with  many  other  wheels,  and  also  according 
to  quantity  of  discharge,  that  there  is  not  the  least  possibility  of 
clogging  by  drift  or  other  floating  substances.” 

There  were  twelve  buckets  in  the  wheel,  each  6 inches  long ; 
and  they  formed  tangents  to  a circle  12  inches  in  diameter,  con- 
centric with  the  wheel,  the  water  acting  against  the  exterior  sur- 
face of  the  tangent.  The  whole  diameter  of  the  model  was  18 
inches.  The  “toe”  on  the  shaft,  revolved  on  a wooden  step  cen- 
trally fixed  in  the  base  plate  of  the  scroll,  which  latter  was  sup- 
ported on  the  base  plate  by  four  pillars. 

The  results  of  this  wheel’s  performances  are  shown  in  table 
No.  14. 
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No.  14. 

BLAKE’S  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  INWARD  DISCHARGE  TURBINE,  BY  L.  W.  BLAKE, 
JANUARY  20th,  1860. 

WEIGHTS  ALL  RAISED  25  FEET.  HEAD  AND  FALL,  6 FEET. 


No. 

Weight 

raised. 

Water  in  measuring  box. 

Average. 

Time 

in  seconds. 

Ratio  of 
useful  effect. 

1 

900  lbs. 

3.40  ft. 

3.49  ft. 

3.53  ft. 

3.473  ft. 

28 

29 

28 

.6949 

2 

875  “ 

3.35  “ 

3.31  “ 

3.32  “ 

3.326  “ 

28 

28 

28 

.7055 

3 

850  “ 

3.30  “ 

3.28  “ 

3.18  “ 

3.250  “ 

27-1- 

27 

27 

.7020 

4 

925  “ 

3.46  “ 

3.46  “ 

3.46  “ 

3.460  “ 

28 

28 

29 

.7169 

5 

950  “ 

3.65  “ 

3.59  “ 

3.60  “ 

3.613  “ 

29 

29 

291- 

.7051 

6 

975  “ 

3.69  “ 

3.66  “ 

3.63  “ 

3.660  “ 

30 

30 

30 

.7143 

Y 

1000  “ 

3.76  “ 

3.75  “ 

3.78  “ 

3.763  “ 

30 

31 

80 

.7125 

8 

1025  “ 

3.87  “ 

3.86  “ 

3.84  “ 

3.856  “ 

31 

311- 

31 

.6966 

9 

800  “ 

3.27  “ 

3.29  “ 

3.28  “ 

3.280  “ 

28 

28 

28 

.6540 

10 

■11  to  6. 


Ratio  of  gearing, 

Bevel,  4 to  11. 

Spur,  11  to  24  j 
Area  of  inlet  to  wheel,  37.4  sq.  ins. 

“ discharge  through  the  buckets,  52.59  sq.  ins. 


tyler’s  wheel. 

Tyler’s  model  wheel  was  surrounded  by  a scroll  6 inches  deep 
in  the  clear,  and  5.75  inches  wide  where  the  water  first  meets  the 
wheel,  giving  a water-way  of  34.5  sq.  inches  ; the  diameter  of  the 
wheel  was  18  inches;  it  had  ten  buckets. 

The  buckets  were  arcs  of  a circle,  the  radius  of  which  was  one- 
third  greater  than  that  of  the  wheel ; they  were  arranged  in  the 
wheel  as  tangents  to  a circle  of  one  third  the  diameter  of  the 
wheel,  and  concentric  with  it.  The’  maker  says  : — “ The  buckets 
have  therefore  a curved  form,  the  water  acting  against  their  con- 
vex surfaces  in  such  a manner  as  to  operate  equally  on  or  near 
the  end  of  each  and  every  bucket  at  the  same  time,  thereby  keep- 
ing the  pressure  of  the  water  on  the  outer  end  of  the  bucket,  and 
running  easier  when  passing  by  the  spout  than  if  straight;  the 
outer  end  of  the  bucket  being  nearly  parallel  with  the  current  of 
water  and  moving  in  the  same  direction  and  not  running  as  fast 
as  the  water  by  one-third,  its  movements  are  not  obstructed  by 
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sluggish  water.  The  lower  edges  of  the  series  of  buckets  are 
connected  with  one  another  at  their  lower  and  outer  edges,  by 
means  of  a flat  scalloped  rim  which  extends  inward  in  contact 
with  the  convex  surface  of  each  bucket,  about  three-seventlis  of 
the  length  of  said  surface,  and  from  that  point  curves  outward 
and  downward  to  a narrow  connection  between  said  rim  and  the 
outward  extremity  of  the  concave  surface  of  the  next  bucket. 

“ The  object  of  giving  the  aforesaid  shape  to  the  rim  is  to 
conduct  the  water  in  a compact  body  from  the  water-way  against 
the  convex  surface  of  each  bucket,  and  then  as  soon  as  it  has 
performed  its  propelling  function,  allowing  it  freely  to  fall  out  of 
the  wheel  and  not  react  upon  the  back  of  the  buckets. 

“ The  object  of  giving  the  curving  or  dish-shape  to  the  wheel, 
is  to  enable  the  water,  as  it  enters  the  wheel,  to  exert  a lifting 
action  upon  it,  thereby  materially  lessening  the  friction  on  the 
step.  It  also  causes  the  water  to  be  kept  in  a compact  mass,  and 
to  pass  so  rapidly  and  cleanly  through  the  wheel  that  there  can 
be  no  loss  from  the  reaction  of  water  between  the  buckets.” 

The  wheel,  as  was  the  curb  or  scroll,  was  cast  in  one  piece,  and 
of  a form  imparting  great  strength  and  durability.  The  cap  or 
dome  terminated  in  a bearing  and  packing  box,  through  which  the 
shaft  of  the  wheel  extended.  The  step  was  adjustable,  and  rested 
upon  the  base-plate.  The  gate-box  was  formed  for  easy  bolting 
to  the  flume,  and  contained  a nicely  fitting  gate.  The  wheel  was 
very  compact  and  portable. 

The  results  of  trials  with  this  wheel  are  given  in  table  No.  15. 


o o 
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No.  15. 

TYLER’S  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  INWARD  DISCHARGE  TURBINE,  BY  JOHN  TYLER, 
DEC.  19,  i860.  HEIGHT  RAISED,  25  FEET.  HEAD  AND  FALL,  6 FEET. 


No. 

Weight  raised 

Water  in  measuring  box. 

Average. 

Time 

seconc 

n 

Is. 

Katio  of 
useful  effect 

i 

500  lbs. 

2.45  ft. 

2.36  ft. 

2.43  ft. 

2.413ft. 

21 

21 

204 

.5556 

9 

Zi 

600  “ 

2.71  “ 

2.62  “ 

2.65  “ 

2.66  “ 

22 

21 

22 

.6048 

3 

700  “ 

2.89  “ 

2.79  “ 

2.86  “ 

2.846  “ 

23i 

23 

24 

.6595 

4 

800  “ 

3.11  “ 

3.06  “ 

3.02  “ 

3.063  “ 

25 

25 

25 

.7004 

5 

825  “ 

3.12  “ 

3.09  “ 

3.11  “ 

3.106  “ 

26 

25  j 

25 

.7123 

6 

850  “ 

3.28  “ 

3.27  “ 

3.28  “ 

3.276  “ 

26 

27 

264 

.6957 

7 

862  “ 

3.29  “ 

3.30  “ 

3.33  “ 

3.306  “ 

27 

274 

27* 

.6992 

8 

875  “ 

3.48  “ 

3.47  “ 

3.47  “ 

3.473  “ 

28 

28 

28 

.6756 

9 

900  “ 

3.74  “ 

3.75  “ 

3.66  “ 

3.716  “ 

294 

29 

30 

.6494 

to  11. 


Ratio  of  gearing, 

Bevel,  3 to  1 
Spur,  24  “ 11 

Diameter  of  wlieel,  18  inches. 

Area  of  inlet,  34.5  square  inches. 

“ discharge  about  103  square  inches. 


7 
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MERCHANT’S  GOODWIN  WHEEL. 

The  Goodwin  model  was  surrounded  by  a horizontal  scroll, 
through  which  the  head-water  had  access  to  the  wheel. 

The  wheel  was  thirty  inches  in  diameter,  and  the  sixteen  buckets 
occupied  an  annulus  six  inches  in  width,  which  left  a centre  vent 
area  of  eighteen  inches  in  diameter. 

The  patentee  claims  the  form  of  bucket,  “ commencing  in  a true 
circle,  at  a tangent  to  the  outer  periphery,  and  terminating  in  a 
straight  line,  fifteen  degrees  in  length  at  the  inner  curve,  and  at  a 
tangent  thereto  ” 

The  height  of  water-way  in  the  scroll  and  wheel  was  five  and 
five-eighths  inches,  and  width  of  same  in  scroll,  seven  inches,  srivino- 
a clear  area  of  39.375  square  inches. 

Each  bucket  was  semi-circular  in  form,  with  the  exception  of  the 
short  straight  part  at  the  point  of  issue,  and  they  were  set  in  the 
annulus,  with  the  diameter  of  the  semi-circle  coincident  with  the 
radial  lines.  The  current  of  water  from  the  scroll  was  directed 
into  the  hollow  of  these  buckets. 

3 c 
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This  model  was  built  rather  strong  and  heavy,  and  was  too  large 
for  satisfactory  experiments. 

Table  No.  1C  gives  the  results. 

No.  16. 

MERCHANT’S  (GOODWIN  WHEEL. ) SERIES  OP  TRIALS. 


NOTES  OF  TRIALS  OF  INWARD  DISCHARGE  TURBINE,  BY  N.  R.  MERCHANT  & CO., 

JANUARY  12,  1860. 


No. 

Weight 

Height 

Water 

in  measuring  box. 

(0. 

Time 

in 

Katio  of 

raised. 

raised. 

seconds. 

usetul  effect 

i 

1100  lbs. 

20  ft. 

4 32  ft. 

4.40  ft. 

4 38  ft. 

4.366  ft. 

32  33 

32 

.5405 

2 

1150  “ 

20  “ 

4.50  “ 

4.53  “ 

4.49  “ 

4 506 

ii 

33  34 

33 

.5475 

o 

D 

1200  “ 

20  “ 

4.60  “ 

4.70  “ 

4 68  “ 

4.660 

U 

34  34 

34 

.5524 

4 

1250  “ 

20  “ 

4.78  11 

4.80  “ 

4.77  “ 

4.783 

a 

34  35 

35 

.5607 

5 

1300  “ 

18  “ 

4.38  “ 

4.45  “ 

4.40  “ 

4.410 

a 

30  31 

31 

.5692 

6 

1350  “ 

18  “ 

4.50  “ 

4 55  “ 

4.55  “ 

4533 

a 

32  32 

32 

.5750 

7 

1400  “ 

18  “ 

4.64  “ 

4.63  “ 

4.66  “ 

4.643 

a 

33  32 

32 

.5822 

8 

Wheel  held. 

3 39  “ 

3.390 

u 

20 

9 

Wheel  free; 

made  10  revolutions. 

2.55  “ 

2.550 

u 

30, 

10 

900  lbs. 

25  ft. 

3.93  ft. 

3.96  ft.  3. 94  “ 

3.943 

a 

27! 

.6120 

11 

950  “ 

25  u 

4.08  “ 

4.12  “ 

4.100 

u 

28 

.6213 

12 

1050  “ 

25  16 

4.43  “ 

4 44  “ 

4.435 

ti 

30' 

.6348 

13 

1100  “ 

25  “ 

4.62  “ 

4 58  “ 

4.600 

u 

32 

.6412 

Ratio  of  gearing, 

Spur,  in  trials  1 to  9,  inclusive,  7 to  24  1 » , ,Q 

Revel 1 “ 2 ) ' t0  4 • 

Spur,intrialsl0tol3,  inclusive,  11  “ 24  1 ^ ^g 

Bevil,  1 “ 2 ) 

Ricn’s  WHEEL. 

Rich’s  model  was  an  inward  discharge  wheel,  fifteen  inches  in 
diameter,  with  eleven  buckets,  occupying  an  annulus  two  and  one 
eighth  inches  in  width.  The  wheel  was  surrounded  by  a scroll, 
having  a clear  water-way,  at  the  point  where  the  water  strikes  the 
wheel,  of  10.25  inches  wide,  and  5 inches  deep.  The  depth  of 
water-way  in  the  wheel  was  3 inches. 

The  curvature  of  the  buckets  wis  peculiar:  The  outer  ends 
were  curved  to  a radius  of  2.75  inches,  tangent  to  the  outer  cir- 
cumference of  the  wheel,  and  had  their  convex  faces  set  against 
the  current  of  water  from  the  chute  ; the  inner  ends  were  slightly 
concave  to  the  current  of  water,  and  were  tangent  to  the  outer 
end  of  the  bucket  as  well  as  to  the  inner  circumference  of  the 
annulus. 
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The  shaft  was  supported  above  and  below  the  scroll  by  triple- 
footed brackets,  the  lower  one  having  a step,  and  the  upper  one 
a journal  bearing.  Every  part  of  the  wheel  and  scroll  was  made 
of  iron,  and  was  well  fitted. 

The  results  of  trials  with  this  wheel  are  given  in  table  No.  It. 

Just  before  the  testing  apparatus  was  taken  down,  another 
model  of  this  wheel  was  tried,  which  gave  much  higher  results,  the 
notes  of  which  were  mislaid. 


No.  17. 

RICH’S  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  INWARD  DISCHARGE  TURBINE, 

by  r.  Kicn,  oct.  20,  1859.  weights  raised  25 

FEET.  HEAD  6.1  FEET. 

No. 

Weight  raised. 

Water 
in  box. 

Time  in 
seconds. 

Katio  of 
useful  effect. 

1 

750  lbs. 

3.226  ft. 

oo 

OO 

.6132 

2 

700  “ 

3.080  “ 

32 

.5997 

3 

650  “ 

2.900  “ 

31 

.5912 

4 

600  “ 

2.836  “ 

30 

.5580 

5 

800  “ 

3.656  “ 

40 

.5771 

6 

wheel  held  fast. 

3.850  “ 

60 

7 

“ free. 

2.480  “ 

30 

Ratio  of  gearing, 
Bevel  17  to  69,  ) 119  to 
Spur  7 “ 24,  $ 1656. 

In  the  seventh  trial 
the  drum  made  13  re- 
volutions. 

Number  of  discharge 
orifices  in  wheel,  11. 

Area  of  discharge  ori- 
fices, 33  square  inches. 


mason’s  smith  wheel. 

Mason’s  model  of  Smith’s  wheel  was  18  inches  in  diameter,  and 
consisted  of  four  blades  or  buckets,  curved  spirally  around  a 
cylinder  8 inches  in  diameter  and  12  inches  long.  The  upper 
half  of  the  wheel  revolved  in  a scroll  which  surrounded  it ; the 
lower  half  revolved  freely  in  a cylinder,  the  lower  end  of  which 
was  entirely  open. 

The  entrance  to  the  scroll  was  6 inches  square.  The  working 
faces  of  the  buckets  were  tangent  to  a circle  5 inches  in  diameter 
and  concentric  with  the  axis ; the  line  of  face  from  the  point  to 
the  heel  falling  back  of  the  motion,  thus  giving  the  water  a ten- 
dency to  slide  towards  the  periphery  of  the  wheel. 

The  inventor  calls  this  model,  “Smith’s  Improved,  Direct,  Re- 
action, Yentilated,  Scroll,  Cylinder,  and  Surface  Discharge  Water 
Wheel, ” and  says  it  secures  the  most  important  combination  of 


"a  complete  ventilation  and  the  freest  discharge.”  The  cylinder 
on  which  the  buckets  were  secured  was  hollow,  and  extended 
through  the  cover  of  the  wheel  into  the  air  above ; it  was  open  at 
its  upper  end  and  had  an  aperture  at  the  bottom ; a valve  on  the 
hub  just  beneath  the  cover  opened  against  the  water  “to  secure 
ventilation  to  the  wheel  in  case  of  back  water.”  The  upper  half 
of  the  wheel  received  the  direct  action  and  the  lower  half  the 
reactive  force  of  the  water. 

The  performances  of  this  wheel  in  the  first  series  of  trials  are 
given  in  table  No.  18;  in  the  second  series,  a few  weeks  after- 
wards, when  an  enlargement  of  the  chute  was  made,  this  wheel 
gave  a higher  result,  as  indicated  in  table  No.  19. 


No.  18. 

MASON’S  SMITH  WHEEL.  FIRST  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  VERTICAL  DISCHARGE  TURBINE,  MADE  BY  A.  P.  MASON, 
JANUARY  9,  1860.  WEIGHTS  ALL  RAISED,  25  FEET.  HEAD,  6'05  FEET. 


No. 

Weight  raised. 

Water  in 

measuring  box. 

Average 

Time  in 
seconds. 

Ratio  of 
useful  eifect 

1 

850  lbs. 

4.01  ft. 

4.02  ft. 

4.09  ft. 

4-04  ft. 

33 

33 

33 

•5621 

9 

800  “ 

3.79  “ 

3.71  “ 

3.73  “ 

3-74  “ 

31 

30 

30 

•5684 

3 

775  u 

3.61  “ 

3.62  “ 

3 65  “ 

3-62  “ 

30 

29 

30 

•5684 

4 

750  “ 

3.45  “ 

3.50  “ 

351  “ 

3-48  “ 

29 

29 

30 

•5721 

5 

725  “ 

3.44  “ 

3.32  “ 

3'37  “ 

3-37  “ 

28 

28 

29 

•5711 

6 

700  “ 

3.25  “ 

3.23  “ 

3 20  “ 

3*22  u 

28 

29 

28 

•5778 

7 

650  “ 

3.05  “ 

3-05  “ 

27 

•5670 

3 

900  “ 

4.21  “ 

4.18  “ 

4 17  “ 

4-18  “ 

34 

34 

34 

•5718 

9 

950  “ 

4 59  “ 

4.50  “ 

4-54  “ 

36 

36 

•5560 

10 

875  “ 

4.05  “ 

4.10  “ 

4-i  7 “ 

33 

34 

•5762 

11 

Wheel  held. 

3.45  “ 

3.70  “ 

3-76  “ 

3-63  “ 

30 

30 

12 

Wheel  free. 

2.89  “ 

3.00  “ 

2-94  “ 

30 

30 

Ratio  of  gearing, 

In  the  twelfth  trial  the  drum  made  15.5  revolutions. 


o *- 


O i 


No.  19. 

MASON’S  SMITH  WHEEL.  SECOND  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF  VERTICAL  DISCHARGE  TURBINE  MADE  BY  A.  P.  MASON, 
MARCH  16,  1860.  WEIGHTS  ALL  RAISED  25  FT.  HEAD,  6.05  FT. 


No. 

Weight  raised. 

Watei 

in  measuring  box. 

Average. 

Time  in 
seconds. 

Ratio  of 
us’ful  effect 

1 

1.000  lbs. 

4.74  ft. 

4.78  ft. 

4.76  ft. 

391381 

. 563S 

2 

900  “ 

4.05  “ 

4.05  “ 

4.00  ft. 

4.03  “ 

32 

32  32 

.5984 

3 

850  “ 

3.80  “ 

3.79  “ 

3.79  “ 

3.79  “ 

30 

30  30 

.6009 

4 

800  “ 

3.59  “ 

3.55  “ 

3.55  “ 

3.56  “ 

29 

29  29 

.6021 

5 

750  “ 

3.2S  “ 

3.19  “ 

3.16  “ 

3.21  “ 

•> 

28, 

.6265 

6 

700  “ 

3.07  “ 

3.08  “ 

2.99  “ 

3.04  “ 

27 

27  27 

.6162 

7 

750  “ 

3.20  “ 

3.16  “ 

3.18  “ 

3.18  “ 

2 s 

27  27 

•6324 

8 

Wheel  held. 

3.81  “ 

3.81  “ 

30 

9 

Wheel  free. 

3.01  “ 

3.01  “ 

30 

Ratio  of  gearing, 

96  to  11. 

the  drum  made  18  revolutions. 

In  this  series  of  trials,  the  inlet  of  scroll  was  enlarged  to  5 inches  wide 
lvv  7.25  inches  deep  = 36.25  square  inches. 


Bevel,  4 to  1 ) 
Spur,  24  “ 11  j 
In  the  ninth  trial 


MONROE’S  WHEEL, 

Monroe’s  model  was  an  inward  discharge  turbine  of  17.75 
inches  diameter,  having  twenty-eight  buckets  occupying  an  annu- 
lus of  2§  inches  in  width,  and  4 inches  in  depth  in  the  clear. 

The  wheel  was  surrounded  by  a scroll  which  had  a clear  water- 
way of  44  sq.  inches,  being  11  inches  wide  by  4 inches  deep. 
Eleven  guides  or  “conductors”  were  fixed  in  the  scroll  to  give 
the  water  tangential  direction  where  it  strikes  the  buckets ; the 
spaces  between  the  points  and  heels  of  these  guides  were  each 
half  an  inch  wide  ; the  whole  area  of  water-way  to  the  wheel 
from  the  scroll  was  thereby  reduced  to  22  sq.  inches.  The  point 
of  one  conductor  was  on  the  same  radial  line  as  the  heel  of  the 
next. 

The  centres  of  curvature  of  the  buckets  all  lie  in  the  outer 
circumference  of  the  wheel.  The  radius  of  curvature  is  equal  to 
the  breadth  of  the  annulus ; the  curve  of  the  bucket  is  therefore 
tangent  to  the  inner  circumference  of  the  annulus,  and  starts  at 
right  angles,  or  nearly  so,  to  the  outer. 
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The  result  of  this  wheel’s  performances  are  given  in  table 
No.  20. 


No.  20. 


MONROE’S  SERIES  OF  TRIALS. 


NOTES  OF  TRIALS  OF 

INWARD  DISCHARGE  TURBINE, 

BY  A.  MONROE. 

OCT.  7, 

1859. 

No. 

Height. 

Water 

Ratio  of 

in  box. 

useful  effect. 

1 

900  lbs. 

25  ft. 

4 526  ft. 

.5332 

o 

850  “ 

22  “ 

4.253  “ 

.5359 

i 3 

800  “ 

25  4 1 

4 070  “ 

.5271 

4 

750  “ 

25  11 

3 845  “ 

.5230 

5 

700  “ 

25  “ 

3.630  “ 

.5171 

6 

500  “ 

25  u 

2 940  “ 

.4560 

7 

1,000  “ 

20  “ 

4 415  “ 

.4859 

8 

Wheel  held  fast, 

7.160  “ 

9 

“ running  free, 

4.300  “ 

T!atio  of  gearing. 
Bevel  17  to  69  ) 
Spur  41  “ 96  \ 


187  to  1G56. 


In  trial  9 the  drum  made  28 
revolutions  in  one  minute. 

In  trial  8 the  duration  was 
one  minute. 


DIMENSIONS  OF  WHEEL. 

Outside  diameter,  17;]  inches. 
Inside  “ 12  “ 

Distance  between  the  I 
top  and  bottom  shroud-  >4^  “ 

ing  of  wheel,  ) 

Number  of  buckets,  28. 

Width  of  discharge  orifice,  inch. 
Area  of  “ “ 57.75  sq.in. 


DIMENSIONS  OF  SCROLL. 

Distance  between  top  and  ) , . 
bottom  plates,  ) ln' 

Width  of  inlet,  11  “ 

Area  of  “ 44  “ 

Number  of  conductors,  11 
Width  for  passage  of  ) , u 
water  between  conductors,  ] 2 
Area  of  water  through  ) 99 
conductors,  ) s<b m' 


REMARKS  ON  THE  TABLES. 

Under  the  head  of  “Weight  raised,”  will  be  found  the  actual 
load  in  pounds  (avoirdupois)  suspended  by  the  rope,  including  of 
course,  the  “ weight  box”  and  contents. 

In  the  columns  over  which  is  written  “Water  in  box,”  or, 
“ Water  in  measuring-box,”  will  be  found  the  quantity  of  water 
which  was  delivered  in  the  measuring-box  during  the  time  of  each 
and  every  experiment.  The  figures  give  the  depths  in  feet  and 
decimals,  as  indicated  by  the  graduated  tube  on  the  outside  of  the 
measuring-box. 

Usually  three  trials  were  made  without  change  of  weight ; the 
depth  of  water  in  the  measuring-box  was  accurately  ascertained 
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every  time ; the  average  depth,  in  feet  and  decimals,  of  the  three 
trials,  under  the  same  circumstances,  is  given  in  the  column  headed 
“ Average.” 

The  duration  of  each  and  every  trial,  in  seconds,  will  be  found 
under  the  head  of  “ Time  in  seconds.” 

The  first  column  of  every  table  headed  “ No.,”  indicates  the 
order  in  which  the  trials  were  made. 

In  table  No.  1,  opposite  trial  No.  10,  will  be  found  the  words: 
“ Wheel  held  fast ;”  this  experiment  shows  that  by  holding  the 
wheel  stationary  during  the  period  of  20  seconds,  it  discharged 
3.42  feet  depth  of  water  in  the  box.  The  measuring-box  was 
nearly  5 feet  square ; by  actual  measurement  the  area  of  the  bot- 
tom was  24.86  feet;  this  quantity  was  the  multiplier  constantly 
used  for  obtaining  the  cubic  contents  of  the  discharges. 

Opposite  the  trial  No.  11,  it  will  be  found  that  when  the  wheel 
was  allowed  to  run  free,  without  any  load  whatever,  except  that 
of  itself  and  shaft,  during  the  time  of  20  seconds  it  discharged 
3.335  feet  depth  of  water  in  the  box. 

Under  the  heading,  “ Height  raised,”  which  will  be  found  in 
some  of  the  tables,  is  the  vertical  distance  in  feet  through  which 
the  weight  was  raised  during  the  time  of  the  trials.  When  this 
column  is  not  to  be  found  in  the  tables,  the  “Height  raised,”  as 
well  as  the  “ Head  and  Fall,”  is  put  in  the  heading  of  the  tables. 

Under  the  heading,  “ Ratio  of  useful  effect,”  are  the  quotients, 
which  are  found  by  dividing  the  product  of  the  weight  in  box  and 
height  raised,  by  the  product,  weight  of  water  discharged  and 
height  of  head  and  fall. 

The  following  example  will  show  the  process  by  which  the 
ratio  of  useful  effect  is  obtained. 

Take  the  third  experiment  in  table  No.  2. 

The  area  of  the  bottom  of  the  box  was  constantly  24.86  sq.  ft. 

A cubic  foot  of  water  was  taken  at  62.5  lbs.  avoirdupois. 

Then  1,000  X 25  = 25,000. 

And  24.86  X 3.266  X 62.5  X 6 = 30441.285. 

And  25000 


30447-235 


.8210  = ratio  of  useful  effect  sought  for. 
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It  will  be  noticed  that  the  quantity  30447.285,  which  expresses 
in  pounds  the  whole  possible  effect,  or  mechanical  power  of  the 
water  used  in  the  above  experiment,  is  greater  than  the  quantity 
25,000,  which  expresses  in  the  same  terms  the  amount  of  work 
done  by  the  wheel.  The  difference  between  them  indicates  the 
loss  of  power  by  the  use  of  the  wheel  and  attached  machinery. 

The  following  proportion  will  express  the  percentage  of  power 
utilized  by  the  model  wheel,  when  acting  under  the  circumstances 
given  in  the  table  : 30447.285  : 25000  : : 100  : 82.10. 

The  tables  are  numbered  in  the  order  of  arrangement  shown  in 
table  No.  21. 

If  the  models  were  arranged  according  to  the  ratio  of  useful 
effect  which  they  gave,  beginning  with  the  highest,  the  following 
list  would  indicate  the  order  : 


Stevenson’s  2d  wheel, 

Geyelin’s  2d  wheel, 

Andrews  & Kalbach’s  3d  wheel, 
Collins’s  2d  wheel, 

Andrews  & Kalbach’s  2d  wheel, 
Smith’s  Parker’s  4th  trial, 


.8777 

.8210 

.8197 

.7662 

.7591 

.7569 

.7467 

.7335 

.7169 

.7123 

.6799 

.6726 

.6412 

.6324 

.6205 

.6132 

.5415 

.5359 

.4734 


3d  “ 


Stevenson’s  1st  wheel, 

Blake, 

Tyler, 

Geyelin’s  (double)  1st  wheel, 
Smith’s,  Parker’s  2d  wheel, 
Merchant’s  Goodwin, 

Mason’s  Smith, 

Andrews’  1st  wheel, 

Rich, 

Littlepage, 

Monroe, 

Collins’s  1st  wheel, 


It  will  be  noticed  by  reference  to  the  tables  that  the  highest 
ratio  obtained  is  given  in  the  above  list,  and  not  the  average  of 
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each  series.  The  figures  present,  therefore,  the  best  work  done 
by  each  wheel. 

Taking  into  account  the  fact  that  each  and  every  wheel  was 
tried  under  an  unvarying  head,  and  that  whatever  error  there 
might  be  in  the  precise  relations  which  should  obtain  between  the 
diameter  of  the  wheel,  the  number  and  area  of  its  issues,  and 
weight  to  be  raised,  to  make  the  experiment  a perfect  one;  it  was 
perhaps  compensated  for  by  the  opportunities  offered  to  alter  the 
model,  change  the  ratio  of  gearing  and  the  weights  to  be  raised. 
For  these  reasons,  the  results  of  the  experiments  may  be  con- 
sidered the  fairest  show  of  the  merit  which  the  models  possessed. 

In  table  No  21,  the  wheels  are  classified  according  to  the  di- 
rection of  discharge  from  the  issues  of  their  buckets. 

The  first  class  includes  those  in  which  the  discharge  was  ver- 
tical. Geyelin’s  2nd,  Collins’s  1st  and  2d,  and  Stevenson’s  1st  and 
2d  were  all  Jonval  wheels,  and  all  discharged  downwards,  while 
Andrews’  and  Andrews  & Kalbach’s  discharged  upwards. 

The  second  class  includes  the  outward  discharge  wheels.  The 
head  water  passed  into  these  wheels  between  their  hubs  and  the 
inner  ends  of  the  buckets,  and  thence  outwards,  centrifugally  from 
the  periphery  of  the  wheels. 

The  third  class  includes  the  inward  discharge  wheels.  They 
were  all  surrounded  by  scrolls,  and  the  head  water  entered  all  of 
them  and  was  discharged  from  the  issues  toward  their  axes,  ex- 
cept Mason’s  which  discharged  downwards.  The  power  of  the 
head  water  was  directed  by  the  scroll  around  the  wheel,  but  its 
motion  through  the  wheel  was  centripetal. 

The  figures  in  the  fourth  column  were  found  by  the  process  ex- 
plained above. 

The  figures  of  the  fifth  column  were  found  by  dividing  the 
number  of  cubic  feet  of  water  discharged,  by  the  number  of  seconds 
which  elapsed  during  the  discharge.  For  example,  take  the  third 
trial  of  table  No.  2. 


24.86x3.266 
" 26 


3.122  the  amount  of  discharge  sought  for. 


The  figures  in  the  sixth  and  seventh  columns  were  obtained 
from  actual  measurements  of  the  models. 


No.  21. 

SUMMARY  OF  EXPERIMENTS  WITH  MODEL  TURBINE  WHEELS. 
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The  “ velocity  of  water  through,  guides”  in  feet  per  second,  will 
be  found  in  column  8,  and  is  obtained  as  follows : — 

As  above,  the  cubic  feet  of  discharge  per  second  is  3.122.  The 
area  of  orifices  through  guides  is  44.6  square  inches,  which  is 
44:  6 

^ — — .3091  foot ; and  the  quantity  discharged  in  feet  per  second, 


divided  by  the  area  of  discharge,  gives  the  velocity  of  discharge. 


Therefore, 


3.122 

43097 


— 10.08  = velocity  in  feet  per  second. 


Column  9 gives  the  heights  of  head  and  fall  in  feet,  which  were 
taken  by  measurement  of  the  distance  between  the  levels  of  head 
and  tail-water,  during  the  time  each  and  every  trial  was  made. 

The  ratios  of  actual  to  theoretic  velocity  of  the  water  through 
the  guides  are  given  in  the  tenth  column,  and  are  found  thus  : — 
The  theoretic  velocity  of  water  issuing  from  an  orifice  under  pres- 
sure, is  equal  to  that  of  a falling  body  at  a height  equal  to  the 
head  which  gives  said  pressure. 

Therefore,  \/(3x64.33  = 1 9. G5  = theoretic  velocity  in  feet  per 
second. 

The  actual  velocity  is  10.08,  found  in  column  8. 

Hence,  . .5129  = ratio  sought  for. 


The  figures  in  column  11  are  found  in  the  same  manner  as  those 
in  column  8,  by  substituting  the  areas  from  column  1 for  those  of 
column  6 ; and  the  figures  of  column  12  ai’e  found  by  the  same 
process  as  those  of  column  10,  by  substituting  the  velocities  of 
column  11  for  those  of  column  8. 

The  “revolutions  of  wheels  per  minute”  in  column  13,  were 
deduced  from  the  ratios  of  gearing  and  velocity  of  drums.  Thus, 
the  actual  diameter  of  drum  was  9 1-1 6tli  inches ; the  diameter  of 
rope  was  1J  inches,  but  the  effective  circumference  of  the  former 
was  2.5836  feet. 


Then 


25 

2.5836 


= 9.6163  = revolutions  of  drum  in  26  seconds. 


And 


9.6163x60 

26 


22.3c 


= revolutions  of  drum  per  minute. 
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Therefore,  22-33X60 
7 

minute,  as  in  table  No. 


= 191.4  ==  revolutions  of  wheel 
2. 


per 


Having  the  revolutions  of  the  wheels  per  minute,  the  “velocities 
of  the  circumferences  of  the  wheels”  in  feet  per  second  in  column 
14  are  easily  found. 


Column  16  contains  the  diameters  of  the  model  wheels,  which 
were  obtained  by  actual  measurements  of  the  same. 

To  get  the  velocity  of  circumference  in  feet  per  second,  we 
have  the  diameter  in  inches  = 16.62.  Table  21,  No.  1. 


Then, 


16.62x3.1416 

12 


= 4.35  = circumference  of  wheel  in  feet. 


And 


191.4X4.35 

60 


13.876  = the  velocity  sought  for. 


Column  15  gives  the  “ratios  of  circumferential  to  theoretic 
velocity.”  In  the  process  for  obtaining  the  ratios  in  column  10, 
it  was  shown  that  the  theoretic  velocity  of  discharge  of  water 
under  the  given  head,  was  19.65  feet  per  second. 


Then, 


13.9 

19765 


==  .7074  — ratio  sought. 


Column  17  gives  the  “loads  in  pounds  at  the  circumference  of 
wheels,”  which  are  found  by  the  following  process  : — 

Above,  it  is  stated  that  the  revolutions  of  wheel  and  drum  per 
minute  are  respectively  191.4  and  22.33,  and  in  this  experiment 
the  load  on  drum  was  1000  lbs. ; therefore — 


191.4  : 22.33  : : 1000  : 116.66, 
which  latter  is  the  load  on  the  wheel.  Now  the  diameter  of  the 
wheel  is  16.62  inches,  and  the  circumference  in  feet  corresponding 
to  this  is  4.35,  as  above,  while  the  circumference  of  drum  is  2.5836 
feet. 

Therefore,  4.35  : 2.5836  : : 116. 66X  : 69.24,  which  latter  is 
the  load  at  the  circumference  of  the  wheel  in  lbs. 

The  lengths  of  ordinates  of  the  guide  and  bucket  curves  are 
given  in  diagrams,  Pigs.  4 and  6,  Plate  3,  but  they  are  very  indis- 
tinct. The  following  table  gives  them  in  a more  readable  form  : 


PL  4 
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STEVENSON*  S. 

geyelin’s. 

Guide  curves 

Bucket  curves, 

Guide  curves, 

Bucket  cu  rves, 

length  10.5  ins. 

length  7.90  ins. 

length  8.55  ins. 

length  4.67 

ins. 

1.20  ins. 

2.25 

ins. 

3.35 

ins. 

0.93i 

ns. 

2.08  “ 

2.96 

4.53 

i i 

1.54 

4 4 

2.70  “ 

3.41 

U 

5.27 

< t 

1.95 

4 4 

3.15  “ 

3.75 

t 4 

5.90 

4 4 

2.26 

4 4 

3.58  “ 

4.02 

u 

6.37 

4 4 

2.46 

4 4 

4.  “ 

4.21 

i i 

6.80 

4 4 

2 63 

4 4 

4.38  “ 

4.42 

4 l 

7.10 

4 4 

2.75 

4 4 

4.75  “ 

4.58 

i i 

7.42 

4 4 

2.85 

4 4 

5.17  “ 

4.75 

4 i 

7.70 

4 4 

2 95 

4 4 

5.75  “ 

4.95 

1 1 

8.00 

4 4 

3.05 

4 4 

Note. — The  lengths  of  curves  given  above  are  the  distances  on  the 
peripheries  occupied  by  the  curves. 


DESCRIPTION  OE  TURBINES, 

For  the  neio  Mill  House  at  Fairmount  in  process  of  construction. 

Plate  4 represents  a side  elevation  of  one  of  the  turbines  de- 
signed for  the  New  Mill  House  at  Fairmount.  It  is  drawn  to  a 
scale  of  one-fourth  of  an  inch  to  a foot.  It  stands  in  a pit  15 
feet  wide  by  20  feet  long,  the  floor  of  which  is  4 ft.  4 in.  below 
mean  low  tide,  and  10  ft.  4 in.  below  mean  high  tide. 

The  mouth  of  the  casing  from  which  the  tail  water  issues  is 
21  in.  below  low  tide  line;  it  is  quite  certain,  therefore,  never  to 
be  open  to  the  air,  but  will  secure  to  the  wheel  the  whole  effect 
of  the  suspended  column  within,  through  all  the  fluctuations  of 
the  tides. 

The  centre  of  the  wheel  is  2 ft.  8 in.  below  the  surface  of  an 
ordinary  flood  tide  of  6 ft. 

The  gate  consists  of  a short  cylinder  fitted  for  sliding  over  ribs 
on  the  outside  of  the  casing  or  discharge  tube,  as  shown,  which 
latter  is  supported  by  stands  resting  on  the  base  ring ; these 
guide  the  gate  while  closing  the  mouth  of  the  tube.  This  form 
of  gate  has  the  advantage  of  being  partly  balanced  by  the  current 
of  water  passing  outwards  beneath  its  lower  edge.  When  the 
gate  is  shut  as  represented,  it  fits  water  tight  on  the  base  ring, 
and  against  the  mouth  of  the  discharge  tube  : tvhen  raised  it 
exposes  the  whole  open  mouth  of  the  discharge  tube. 
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The  gate  is  lifted  by  two  rods,  (one  of  which  is  shown  in  the 
plate,)  connected  with  the  small  shaft  across  the  top  of  the  cover 
by  racks  and  pinions  ; this  pinion  shaft  is  operated  by  an  endless 
screw  and  reducing  gear  arrangement,  the  worm  shaft  of  which 
terminates  above  in  a hand  wheel,  not  shown. 

The  head  water  is  conveyed  from  arches  in  the  north  front  of 
the  Mill  House,  joining  the  dam,  to  the  chamber  over  the  fixed 
wheel  by  an  elliptical  tube  36  ft.  in  length,  having  a horizontal 
diameter  of  12  ft.  10  in.,  and  a vertical  diameter  of  7 ft.  2 in., 
affording  a clear  water-way  of  over  10  sq.  ft.  of  section. 

This  inlet  tube  is  shown  in  the  plate,  as  opening  partly  into 
the  casing  of  the  chamber,  and  partly  into  the  cover  ; the  latter  is 
strongly  ribbed  on  the  outside  to  sustain  by  means  of  a bracket, 
arching  over  the  bevel  pinion,  one  end  of  the  counter  shaft  which 
transmits  the  power  of  the  wheel  from  the  bevel  pinion  on  the  top 
of  the  turbine  shaft,  to  the  great  mortice  spur  wheel  on  the  crank 
shaft. 

The  water  passes  from  the  inlet  tube  or  flume  into  the  case, 
down  through  the  guide  curves,  and  gives  motion  to  the  movable 
wheel.  This  is  9 ft.  in  diameter,  and  is  made  of  wrought  iron 
cast  to  an  iron  centre  or  nave,  bound  around  the  outer  edges  by 
a wrought  iron  rim,  and  turned  up  true.  The  buckets  and  guide 
curves  are  ground  smooth. 

Each  wheel  is  calculated  to  make  an  average  speed  of  35.5 
revolutions  per  minute,  which  is  reduced  by  the  gearing  to  13 
revolutions  per  minute  of  the  crank  shaft. 

Two  eighteen  inch  pumps,  each  having  6 ft.  stroke  will  be 
worked  by  this  shaft,  one  from  each  end  ; one  crank  pin  being  a 
quarter  of  a turn  in  advance  of  the  other. 

CONCLUDING  REMARKS. 

The  Department  are  aware  that  this  report  of  experiments, 
which  were  full  of  interest,  and  which  furnished  many  valuable 
results,  is  yet,  in  many  respects,  defective  and  open  to  criticism. 
It  is  difficult  to  make  the  peculiarities  of  the  different  wheels 
intelligible,  without  diagrams  of  each,  and  much  more  detailed 
description.  If  time  allowed,  they  would  gladly  revise  it  and 
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render  it  still  more  complete ; but  the  multiplicity  of  our  duties 
limits  us  absolutely  to  such  a use  of  the  results  as  our  immediate 
practical  exigencies  demand.  Meanwhile,  we  hope  that  the 
statements  will  prove  intelligible,  and  that  some  one  with  better 
opportunities  and  better  qualifications  for  the  work,  will  be  in- 
duced to  develop  and  perfect  the  results  of  these  experiments. 
We  would  especially  call  attention  to  table  No.  21,  as  presenting 
many  valuable  suggestions;  such  as  the  best  relative  velocity  of 
water  through  the  wheels,  load  upon  the  'periphery,  &c.  These 
comparisons  could  doubtless  be  extended  to  other  elements  with 
profit. 

Henry  P.  M.  Birkinbine, 

Chief  Engineer. 


APPENDIX. 

Report  of  the  Chief  Engineer  of  the  Water  Works. 

To  tlie  Select  Council 

of  the  City  of  Philadelphia: — 

Gentlemen  : — In  answer  to  your  resolution  of  May  31st,  1860, 
the  Department  would  submit  the  following  general  report  upon 
the  experiments  made  with  turbine  wheels  at  Fairmount  Works : — 

The  experiments  were  made  in  obedience  to  a resolution  of  the 
Committee  on  Water,  and  under  an  appropriation  of  five  hundred 
dollars,  made  by  councils.  See  resolution  appended,  marked  “A.” 
An  advertisement  was  inserted  in  the  Scientific  American,  call- 
ing attention  to  these  experiments.  See  copy  appended,  marked 
“B.”  See  also  appended  a copy  of  a letter  addressed  to  the 
wheel  makers,  in  answer  to  inquiries,  marked  “C.”  If  a detailed 
report  is  thought  desirable  by  your  honorable  body,  an  appro- 
priation of  three  hundred  and  fifty  dollars  will  be  necessary  to 
print  in  pamphlet  form,  with  the  necessary  diagrams  and  tables 
to  make  it  fully  intelligible  and  useful. 

An  experimental  apparatus  was  constructed  at  Fairmount 
Works  for  the  purpose  of  testing  such  turbine  water  wheels  as 


4S 


might  be  presented.  The  Department  entered  reluctantly  into 
these  experiments.  First,  for  want  of  time  to  conduct  the  in- 
vestigations with  the  care  and  detail  which  their  importance 
demands.  Second,  on  account  of  the  limited  appropriation  made 
to  carry  them  out.  Third,  the  delay  in  completing  the  plans  and 
details  of  the  Works,  consequent  upon  the  experiments,  and 
also  the  difficulty  felt  in  making  deductions  from  model  experi- 
ments, which  would  guide  us  in  the  selection  of  wheels  of  the 
great  power  required  for  these  Works.  So  far,  however,  as  these 
experiments  have  been  prosecuted,  they  have  been  carefully  done. 
The  tests  were  made  simply  for  the  purpose  of  ascertaining  what 
proportion  of  the  power  employed  would  be  utilized  by  the  dif- 
ferent wheels,  or  their  co-efficient  of  useful  effect.  The  wheels  were 
tested  under  a head  and  fall  of  six  feet,  and  weights  of  from  five 
hundred  to  sixteen  hundred  pounds  were  raised  from  fourteen  to 
twenty-five  feet. 

Nineteen  different  wheels  were  tested  and  one  hundred  and 
twenty-two  experiments  made  with  them.  Several  of  the  wheels 
were  removed  without  submitting  them  to  a public  test ; of  these 
no  accounts  have  been  kept.  The  accompanying  table  marked 
“ D”  exhibits  the  best  results  obtained  from  some  of  the  wheels. 
Mathematical  accuracy  was  not  aimed  at,  but  the  experiments 
may  be  relied  upon  as  practically  correct.  The  apparatus  was 
of  the  most  simple  character,  and  the  arrangements  such  that  no 
mathematical  formula  was  required  to  ascertain  the  amount  of 
water  used  or  result  produced,  but  these  elements  were  actually 
weighed  and  measured. 

It  was  necessary  to  refuse  to  test  a number  of  the  wheels,  as 
the  appropriation  was  all  exhausted,  and  the  completion  of  the 
plans  for  the  wheels  could  be  no  longer  delayed,  and  the  Depart- 
ment was  so  fully  occupied  with  the  extension  of  the  Works, 
that  time  could  not  be  found  to  pay  them  the  proper  attention. 
Valuable  assistance  was  rendered  in  these  experiments  by  the 
Chairman  of  the  Water  Committee,  0.  II.  P.  Parker,  Esq. ; 
James  Millholland,  of  Heading  ; Wm.  B.  Dement,  and  Charles  S. 
Close  of  this  City. 

Among  the  wheels  which  produced  the  best  results,  and 
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to  the  makers  of  which  certificates  have  been  given,  as  shown 
in  the  accompanying  paper  marked  D,  the  highest  co-efficients 
of  useful  results  were  produced  by  the  Jonval  wheels  made 
by  J.  E.  Stevenson,  of  Paterson,  Xew  Jersey,  and  E.  G-eye- 
lin,  of  this  City,  and  a modification  of  the  Parker  wheel,  made 
and  patented  by  Andrews  & Kalbach,  of  Bernville,  in  this  State. 
The  majority  of  the  wheels  worked  very  satisfactorily,  and  the 
makers  of  them  were  mechanics  of  more  than  ordinary  ability. 
It  is  believed  that  no  country  could  produce  from  the  same  num- 
ber of  wheels  promiscuously  collected,  as  satisfactory  a series  of 
experiments. 

The  best  result  was  procured  from  the  Jonval  wheel,  made  by 
J.  E.  Stevenson,  of  Paterson,  Kew  Jersey,  which  gave  an  actual 
useful  effect  of  the  power  employed  of  nearly  ninety-one  per  cent.. 
The  wheel  of  Andrews  & Kalbach,  of  Pennsylvania,  is  remarkable- 
for  its  simplicity,  and  had  it  been  constructed  with  the  same 
amount  of  care  and  finish  as  that  of  some  of  the  others,  it  is-  be- 
lieved that  the  co-efficient  of  useful  effect  would  not  have  been 
surpassed  by  any.  Two  of  these  wheels  placed  upon  a horizontal 
shaft  might  make  a most  desirable  arrangement  for  our  new 
Works  ; but  the  Department  is  not  prepared  to  recommend  their 
adoption,  as  it  might  involve  a risk  or  a failure,  and  we  are 
averse  to  making  any  experiment  at  so  great  an  expense  and  loss 
of  time  as  might  have  resulted  to  the  City.  We  have  been  unable 
to  find  any  wheels  now  in  operation,  arranged  in  the  above  man- 
ner, of  the  aggregate  power  that  we  shall  require,  or  under  cir- 
cumstances such  as  exist  at  Fairmount. 

The  Department,  therefore,  see  no  reason  to  change  the  plans 
of  the  Works,  and  will  adopt  the  Jonval  Turbine,  arranged  and 
geared  similar  to  the  one  now  in  use  at  Fairmount. 

In  coming  to  the  above  decision,  and  recommending  the  Jonval 
wheels,  the  Department  have  been  influenced  by  the  following 
considerations  : — 

First — They  have  always  been  esteemed  among  the  most 
efficient  wheels,  and  although  other  forms  of  wheels  have  been 
removed  to  give  place  to  Jonval  Turbines,  the  Department  does 
not  know  an  instance  where  this  Turbine  has  been  taken  out  to 
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introduce  another  form.  Our  experiments  upon  the  Turbines 
have  also  proved  them  the  most  effective,  giving  the  highest 
co-efficient  of  useful  effect.  See  table  appended  marked  D. 

Second — They  are  the  best  adapted  to  our  particular  situation, 
on  account  of  the  comparatively  small  fall  at  Fairmount,  the 
large  amount  of  power  required  for  each  wheel  (a  mean  of  one 
hundred  and  twenty-five  horse  power,)  and  the  low  velocity  at 
which  they  run,  as  compared  with  other  Turbines,  making  a less 
reduction  of  speed  by  means  of  gearing,  necessary. 

Third — Their  durability,  and  the  facility  with  which  repairs 
and  renewals  can  be  made. 

Fourth — They  can  be  constructed  and  connected  to  the  pumps 
at  as  small  cost  as  any  other  form  of  Turbine  wheel.  No  objec- 
tion can  be  urged  against  the  Jonval  wheel,  arranged  as 
proposed,  except  that  involving  mere  mechanical  arrangement, 
uidess  against  the  step  and  bevel  gearing.  Practically,  these  are 
not  objections  ; the  step  of  the  present  wheel  at  Fairmount 
Works  has  required  but  one  renewal  since  it  was  erected, 
which  is  the  only  repair  found  necessary  to  the  wheel ; and  as 
regards  the  bevel  gearing,  or  reducing  the  velocity  for  the  proper 
speed  of  the  pumps  by  two  or  four  wheels,  there  is  only  an  appa- 
rent additional  loss  by  friction,  but  none  in  reality,  as  a little 
reflection  will  demonstrate. 

Fifth — The  favorable  experience  the  City  has  had  with  the 
wheel  of  this  kind  at  Fairmount,  built  by  Emile  Geyelin,  which  has 
been  in  constant  use  since  December,  1851. 

The  reasons  for  rejecting  the  plan  of  two  wheels  upon  a hori- 
zontal shaft,  as  recommended  by  the  former  chairman  of  the 
Committee  on  Water,  are  as  follows  : — 

First;  our  minimum  head  and  fall  is  but  eight  feet.  To  pro- 
duce one  hundred  and  twenty-five  horse  power  by  two  wheels, 
it  would  be  necessary  for  each  of  them  to  be  fifty  inches  in 
diameter,  and  they  would  occupy  so  large  a proportion  of  the 
head  and  fall  that  the  co-efficient  of  useful  results  would,  of  ne- 
cessity, be  low. 

Second — The  experiments  made  by  the  Department  at  Fair- 
mount  proved,  that  two  wheels  arranged  upon  a horizontal  shaft, 
will  not  give  as  good  a result  as  one  on  a vertical  shaft.  Two 
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Parker  wheels  arranged  upon  this  plan,  gave  but  a co-efficient  of 
sixty-seven  per  cent.,  while  one  Parker  wheel  by  the  same  maker 
on  a vertical  shaft,  gave  a co-efficient  of  seventy-five  per  cent. 
Two  Jonval  wheels  upon  a horizontal  shaft  gave  a co-efficient 
of  but  sixty-eight  per  cent.,  while  one  Jonval  wheel  by  the  same 
maker,  on  a vertical  shaft,  produced  a co-efficient  of  eighty-two 
per  cent. 

Third. — The  velocity  of  the  wheels  would  be  so  great,  (from 
seventy  to  ninety-six  revolutions  per  minnte  with  the  two  wheels, 
while  the  one  Jonval  wheel  upon  a vertical  shaft  will  make  but 
from  thirty-one  to  forty-two  revolutions  per  minute,)  that  the 
necessary  reduction  of  the  speed,  by  means  of  gearing,  to  the 
speed  of  the  pumps  would  involve  much  greater  loss  by  friction, 
than  could  possibly  be  the  result  of  the  plan  adopted  for  the  gear- 
ing of  the  Jonval  wheel. 

In  obedience  to  a resolution  of  the  Committee  on  Water,  the 
Department  addressed  letters  to  J.  E.  Stevenson,  of  Paterson, 
N.  J.  ; E.  Geyelin,  of  Philadelphia ; Andrews  & Kalbach,  of 
Bernville,  Pa.  ; and  Levi  Smith,  of  Reading,  Pa.  (See  copy 
appended  marked  E.)  In  answer  to  these,  the  following  propo- 
sitions were  received  and  opened  by  the  Committee  on  Water, 
April  24th : — 

From  Emile  Geyelin,  of  Philadelphia,  for  three  tur- 
bine wheels,  ....... 

Gearing  for  the  same, 

Total, 

From  J.  E.  Stevenson,  of  Paterson,  N.  J.,  for  tlmee 
turbine  wheels,  ...... 

Gearing  for  the  same,  ..... 

Total, 

From  Levi  Smith,  of  Reading,  Pa.,  for  each  turbine 
wheel, 

Gearing  for  each  wheel,  . 


$6,900 

00 

16,500 

00 

$23,400 

00 

$15,000 

00 

14,500 

00 

$29,500 

00 

$4,130 

00 

4,360 

00 

$8,490 

00 

Total 


$25,410  00 
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And  at  a subsequent  meeting  of  the  committee,  May  22d,  a 
proposition  was  received  from  Hunsworth,  Eakin  & Co.,  of  this 
City,  for  three  turbine  wheels  and  gearing,  $26,566.80. 

Care  has  been  taken  by  the  Department  not  to  commit  the  City 
either  in  the  advertisement,  (appended  marked  “ B,”)  or  in  letters 
addressed  to  makers  of  wheels,  in  such  a manner  as  to  give  the 
maker  of  any  wheel  which  might  be  presented  for  test,  a claim 
upon  the  City.  This  was  done  that  the  Department  might  not  be 
embarrassed  in  considering  simply  the  interest  of  the  City,  in  the 
selection  and  construction  of  the  wheels.  In  regard  to  the  form 
of  wheel  recommended,  none  of  the  Jonvals  tested  claimed  any 
patent  or  peculiarity  of  construction,  but  simply  differed  in  pro- 
portion and  mechanical  finish. 

At  the  recommendation  of  the  Committee  on  Water,  the  De- 
partment has  made  arrangements  with  Emile  Geyelin,  of  this 
City,  to  construct  two  Jonval  turbines  for  the  works. 

Respectfully  yours, 

Henry  P.  M.  Birkinbine, 

Chief  Engineer. 

.June  7th,  1860. 

(A.) 

Resolved,  That  the  Chief  Engineer  of  the  Water  Works  be, 
and  he  is  hereby  authorized  and  instructed  to  notify  by  letter  or 
otherwise,  all  competitors  for  building  turbine  or  other  water 
wheels,  to  be  placed  in  the  proposed  new  mill-house  at  Fairmount, 
hat  they  will  be  required  to  furnish  the  said  Engineer  with  “ an 
exact  working  model  of  their  wheel  or  wheels”  according  to  the 
size  and  scale  adopted  by  said  engineer,  under  the  direction  of  the 
Committee  on  Water  Works.  And  that  the  said  Engineer  is 
hereby  authorized  and  directed  to  make  the  necessary  preparation 
and  arrangements  for  testing  the  said  model  wheels,  so  as  to  deter- 
mine the  per  centage  of  power  produced  by  each  wheel  respec- 
tively, and  he  is  also  required  to  examine  into  the  mode  of  con- 
struction, with  a view  of  ascertaining  which  wheel  will  be  best 
adapted  for  propelling  the  pumps,  in  the  most  simple  and  durable 
manner,  and  to  make  a full  report  of  his  examination  to  this  Com- 
mittee. 
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(B.) 

From  the  Scientific  American,  June  4th,  1859. 

The  Committee  on  Water  Works  of  the  City  of  Philadelphia 
are  about  to  erect  two  additional  turbines  at  Fairmount  Works. 
They  have  directed  that  a test  of  the  comparative  value  of  the 
different  wheels  be  made  by  models,  at  their  Works,  commencing 
June  1th.  For  further  information,  address  H.  P.  M.  Birkinbine, 
Chief  Engineer,  Water  Department,  Philadelphia,  Pa. 


(C.) 

Department  for  Supplying  the  City  with  Water. 

Philadelphia,  July  23 d,  1859. 

Dear  Sir: — The  experiments  upon  “Turbine  Water  Wheels,’’ 
directed  by  the  “Watering  Committee,”  will  be  commenced  the 
first  of  August.  Models  must  be  constructed  to  discharge  about 
two  hundred  cubic  feet  per  minute,  and  work  under  a head  and 
fall  of  from  six  to  twelve  feet.  A drawing  must  accompany  each 
model,  and  a description  of  the  peculiarities  of  the  wheel.  These 
experiments  are  undertaken  to  determine  the  “ wheel”  that  will 
be  best  adapted  (all  things  considered,)  for  our  “ Fairmount 
Works.”  Two  of  the  wheels  approved  of  will  be  ordered  imme- 
diately. They  will  be  about  one  hundred  horse  power  each,  and 
intended  to  work  under  a head  of  from  six  to  twelve  feet,  varying 
with  the  tide.  Each  wheel  will  be  required  to  work  two  “ double 
acting  pumps,  chambers  18  inches  diameter  and  6 feet  stroke,  and 
make  from  10  to  16  strokes  per  minute,  pumping  into  a reservoir 
115  feet  above  the  surface  of  the  dam.” 

Youi’s,  respectfully, 

II.  P.  M.  Birkinbine, 

Chief  Engineer. 

Per  J.  H.  Yocum,  Jr. 
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(E.) 

Philadelphia,  April  10 th,  I860. 

Dear  Sir: — The  Committee  on  Water  have  requested  me  to 
procure  from  you  an  estimate  of  the  cost  of  three  turbine  wheels 
and  gearing  suited  for  our  new  Works,  each  wheel  to  work  two 
pumps,  each  eighteen  inches  diameter  and  sis  feet  stroke  of  pis- 
ton, raising  water  one  hundred  and  twenty-five  feet  high,  and 
making  from  ten  to  sixteen  strokes  of  each  pump  per  minute,  with 
from  eight  to  fourteen  feet  head  and  fall. 

Please  state  the  price  of  the  wheels  and  gearing  separately  ; 
also,  state  the  space  the  wheels  and  gearing  will  occupy. 

The  Department  will  not  consider  itself  obliged  to  accept  your 
proposition,  even  should  it  be  the  lowest,  but  will  make  such  dis- 
position of  it  as  may  appear  to  be  the  interest  of  the  City.  Please 
let  me  hear  from  you  before  Tuesday  next,  the  11th  inst. 

Yours,  respectfully, 

H.  P.  M.  Birkinbine, 

Chief  Engineer. 
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